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1

2-THIO OR 0XO0-4-ARYL OR
HETEROCYCLO-1,5(2H)-PYRIMIDINEDICAR-

BOXYLIC ACID DIESTERS AND 5
3-ACYL-5-PYRIMIDINECARBOXYLIC ACIDS
AND ESTERS
RELATED APPLICATIONS 1

This application is a continuation-in-part of U.S. Ser.
No. 864,687 filed May 19, 1986 now abandoned, which
was a continuation-in-part of U.S. Ser. No. 740,800,
filed Jun. 3, 1985, now abandoned, and U.S. Ser. No. 15
839,860, filed Mar. 14, 1986, now abandoned.

BACKGROUND OF THE INVENTION

Baldwin et al. in U.S. Pat. No. 4,609,494 disclose 20
cardiovascular agents of the formula

25

30

335

wherein A and B are oxygen or sulfur; R2 is hydrogen,
alkyl, cycloalkyl, etc.; R3is alkyl, cycloalkyl, hydroxy-
alkyl, alkoxyalkyl, alkoxy (alkoxyalkyl), aminoalkyl,
etc.; R4is COY wherein Y is alkyl, alkoxy, cycloalkyl or
NRSRS; RS and RS are hydrogen, alkyl, phenylalkyl, or
together complete a heterocycle; and X, W, Z and U are
hydrogen, alkyl, alkoxy, alkylthio, CF3, nitro, halo or

o

i

=~ C=NRRS.
| 30

These compounds are prepared by cyclizing an interme-
diate of the formula

33

or of the formula
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SCH» OCHj.

CO,R3

Stoltefuss et al. in German Offenlegungsschrift
3,234,684 A 1 disclose dihydropyrimidines of the for-
mula

Rj R
R;
N C—COOR*
i Il
/C ~ C—Rg

where R° is hydrogen, alkyl, substituted alkyl, phenyl,
etc. These compounds are disclosed as possessing cardi-

ovascular activity.

Khanina et al, Khim. Farm. Zh., Vol. 12 pages
1321-1323 (1978) report some hypotensive activity for
4-aryl-2-oxo-pyrimidines of the formula

]
Ly
It /
HN CoC=0—CH,CH3~N
PR: ' R?
- CHj
,//' \N.-ﬂ' |
O l
H

Konyukhov et al., Zh. Organ. Khim., Vol. 1, No. 8,
pages 1487-1489 (1965) disclose antitumorigenic and
antiviral dihydropyrimidines of the formula

< 1
HN C—~C~0—C,Hs
| [ -
C C—CH;
/Y N7
X !
H

wherein X is oxygen or sulfur and R is aryl or heterocy-
clo. |

SUMMARY OF THE INVENTION

This invention relates to the use of the pyrimidine
compounds of formula I and pharmaceutically accept-
able salts thereof as cardiovascular agents



3
H
U/
0 C 0
B /*N\
Y—C—N C—C—0—R;
C C—R;
g \ /
0
H

X is oxygen or sulfur.
Y is Ry or —O—R;.
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()

R; is lower alkyl, aryl, cycloalkyl, -Ai-aryl, -A;-
cycloalkyl, -Aj-heterocyclo, -A3-OH, -A>-O-lower al-
kyl, -A2-O—(CH3)m-aryl, -A3-SH, -Aj-S-lower alkyl,

-A2-S-(CH2)m-aryl,

Rs O
/ |
- As=—N , = A1=C=—N
\ N\
Rg¢

Il
= A—0O—C-lower alkyl,

O
I

A= Q=—C—(CH3)m-aryl, —=A}=C~=0~R7,

halo substituted lower alkyl, or

R 1s hydrogen, lower alkyl, lower alkenyl, lower
alkynyl, cycloalkyl, aryl, -A-cycloalkyl, -Aj-aryl, -Aj-
-A 1—O-lower

heterocyclo, -Aj;—OH,

Rs

¥

R

O
I

alkyl,

-A1—O—(CH))mm-aryl, -Aj—SH, -A1—S-lower alkyl],

-A1—S—(CH2)m-aryl,

Rs O
/ i /
—A;—N ,=—A;—C—N
N\ N\
Re

O
|

- A1™=0O—C-lower alkyl, = A {~QO=—C—(CH))m-aryl,

O
|
—A1—C—0—~Rj3,

or halo substituted Jower alkyl.

R3 is hydrogen, lower alkyl, aryl, cycloalkyl, -A;-
-A 1-heterocyclo,

aryl, -Ai-cycloalkyl,

-A>—OH,

-A>»—O—lower alkyl, -Ay—QO~(CH3)n-aryl, -A3-SH,
-A—S-—lower alkyl, -A~—S-—(CHj),—aryl,

Rs - 0
/ I /
AN N\
R¢

O
|

Rs

Re

O
I

- A>—0=C-lower alkyl, =~ Ay—0Q==C~—(CH3)m-aryl,

4

-continued

(CH2)—/

P

halo substituted lower alkyl, or a pharmaceutically
10 acceptable salt forming ion.
R4 1s aryl or heterocyclo.
Rs and R¢ are independently selected from the group
consisting of hydrogen, lower alkyl, —(CH;),—ary],

15 O 0O
| I
- C-lower alkyl, and = C=—(CH3)-aryl

or Rs and Rg taken together with the N atom to which

20 they are attached complete a heterocyclic ring of the
formula

Rg
25
-NERSE ) 3 | —N
—N 0:
\__/

30 \
=N
\__/

S, or =N N=—Rao.
./

35 R71s hydrogen, lower alkyl, —(CH2),,—aryl, or a
pharmaceutically acceptable salt forming ion.
Rgis hydrogen, lower alkyl of 1 to 4 carbons, lower
alkoxy of 1 to 4 carbons, lower alkylthio of 1 to 4 car-
bons, halo, CF3, nitro, or hydroxy.

40 Roi1s hydrogen or lower alkyl of 1 to 4 carbons,
_(CHZ)M ¥ or
45 Ry
Rg
50 —CH
2
R101s lower alkyl of 1 to 4 carbons,
35
Rg
_(CHZ)M » Oor
60
Rg
- CH
65 2

Rij1s lower alkyl], ary), cycloalkyl, heterocyclo, -A -
aryl, -Ai-cycloalkyl, -Aj-heterocyclo, -A1-OH, -A-O-
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o 5
lower alkyl, -A;-O-(CHy)m-aryl, -A1-SH, -A-S-lower
alkyl, -A1-S-(CH2)pm-aryl, |

o}
|

-(—\N—Rm, - A1=—=0=—C-lower alkyl,

(CH)) —/

P

Vs

I I
—A}=O0—C—(CHj)p-aryl, —A)—C—0=R37,

Ajiis

Ri4

|
"'"(I:""" (CH2)m=—.

—C—(CH2)n=

|
Ri3

m is zero or an integer from 1 to 6.

n is an integer from 1 to 6.

p is zero, one Or two.
- Rjzaand Risare independently selected from hydro-
gen, lower alkyl of 1 to 4 carbons,

—(CHy), ,

or -(CH3),, -cycloalkyl.

r is zero or an integer from 1 to 3.

This invention is also directed to the novel pyrimi-
dine compounds of formula I wherein R4is mono substi-
tuted phenyl wherein said substituent is selected from
lower alkyl 1 to 4 carbons, halo, CF3, and nitro, disub-
stituted phenyl wherein said substituents are selected
from methyl, halo, CF3, and nitro, or heterocyclo.

DETAILED DESCRIPTION OF THE
INVENTION

This invention in its broadest aspects relates to the
pyrimidine compounds of formula I above, to composi-
tions and the method of using such compounds as cardi-
ovascular agents.

The term lower alkyl used in defining various sym-
bols refers to straight or branched chain hydrocarbon
radicals having up to eight carbons, preferably from one
to five carbons. Similarly, the terms lower alkoxy and
lower alkylthio refer to such lower alkyl groups at-
tached to an oxygen or sulfur.

10

15

20

25

30

35

435

55

The term lower alkenyl refers to straight or branched

chain hydrocarbon radicals having from two to eight
carbons and one double bond, preferably three to five
carbons. The term lower alkynyl refers to straight or
branched chain hydrocarbon radicals having from two

65

6

to eight carbons and one triple bond, preferably three to
five carbons.

The term cycloalky] refers to saturated rings of 4 to 7
carbon atoms with cyclopentyl and cyclohexyl being
most preferred.

The term halo refers to chloro, bromo and fluoro.

The term halo substituted lower alkyl refers to such
lower alkyl groups described above in which one or
more hydrogens have been replaced by chloro, bromo
or fluoro groups such as trifluoromethyl, which is pre-
ferred, pentafluoroethyl, 2,2,2-trichloroethyl, chloro-
methyl, bromomethyl, etc.

The term aryl refers to phenyl, 1-naphthyl, 2-napht-
hyl, mono substituted phenyl, 1-naphthyl, or 2-naphthyl
wherein said substituent is lower alkyl of 1 to 4 carbons,
lower alkylthio of 1 to 4 carbons, lower alkoxy of 1 to
4 carbons, halo, mtro, cyano, hydroxy, amino, —NH-
alkyl wherein alkyl is of 1 to 4 carbons, —N(alkyl);
wherein alkyl is of 1 to 4 carbons, CF3, NCS, OCHF,,

e O=CH .

—0O—CH,;——cycloalkyl,

- S==CH}

or —S—CHj-cycloalkyl, and di-substituted phenyl,
I-naphthyl, or 2-naphthyl wherein said substituents are

selected from methyl, methoxy, methylthio, halo, CF3,

nitro, amino, and OCHEF».

The term heterocyclo refers to fully saturated or
unsaturated monocychic rings of 5 or 6 atoms containing
one to four N atoms, or one O atom and up to two N
atoms, or one S atom and up to two N atoms. The
monocyclic ring is attached by way of an available
carbon atom. Preferred monocyclic heterocyclo groups
include 2- and 3-thienyl, 2- and 3-furyl, 2-, 3- and 4-
pyridinyl, and imidazolyl. The term heterocyclo also
includes bicyclic rings wherein the five or six mem-
bered monocyclic ring containing O, S and N atoms as
defined above is fused to a benzene ring and the bicyclic
ring is attached by way of an available carbon atom in
the benzene ring. Preferred bicyclic heterocyclo groups
include 4, 5, 6, or 7-indolyl, 4, 5, 6, or 7-isoindolyl, 5, 6,
7 or 8-quinolinyl, §, 6, 7 or 8-isoquinolinyl, 4, §, 6, or
7-benzothiazolyl, 4, 5, 6 or 7-benzoxazolyl, 4, 5, 6 or
7-benzimidazolyl, 4, 5, 6 or 7-benzoxadiazolyl, and 4, 5,
6 or 7-benzofurazanyl. The term heterocyclo also in-
cludes 2-, 3-, or 4-pyridinyl rings having a substituent on
one available carbon selected from lower alkyl of 1 to 4
carbons, lower alkylthio of 1 to 4 carbons, and lower

alkoxy of 1 to 4 carbons, especially 2-methylthio-3-

pyridinyl. ’
The 2-0x0-1,5(2H)-pyrimidinedicarboxylic acid dies-
ters of formula I, i.e.,, Y is -O-R and X is oxygen, and
the 2-o0x0-3-acyl-5-pyrimidinedicarboxylic acid and
esters of formulal, 1.e., Y is R;and X is oxygen, can be
prepared as follows.
A keto ester compound of the formula
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O

Il
C—O0OR;3
/
R4y~ CH=C

(i)

C—R;
[
O
1s treated with 2-methylpseudourea, i.e.,

NH

4
H1C=~QO—_ ’
AN
NH-

particularly the hydrogen sulfate salt thereof, in the
presence of sodium acetate or sodium bicarbonate to
give |

R4 H (1II)
N\ /
C O
/7 N\ |
lbll ﬁ—C—O'—Rg,.
C C—R>
/\ /
)
H

H3CO

The 1,4-pyrimidinecarboxylic acid ester of formula
II1 1s treated with the chloroformate of the formula

O av)
Ii

Ri=QO=C—C]

in the presence of an organic base such as pyridine or
the dicarbonate of the formula

ﬁ) ('le (V)
Ri=0QO=C=—C—0—R;
in the presence of an organic base such as 4-dime-

thylaminopyndine to give the 1,5(6H)-pyrimidinedicar-
boxylic acid diester of the formula

R4 H
N/
O C O
| I N
R]"""O""C—Pil ﬁ.—C—O—Rz.
C C—R>
/SN
H3;C=—0O N

Similarly, the 1,4-pyrimidinecarboxylic acid ester of

formula III is treated with the acyl chloride of

the for-
mula ‘

‘il) (V1I)

Riy=C~Cl

in the presence of an organic base such as pyridine to
give the S-pyrimidinecarboxylic acid ester of the for-

mula

8
R4 H
N/
O C O
S I /N
Rn—C"'Iii h:—c-—o—a;._
C C—R;
i W4
HiC~0 N
10

Treatment of the compound of formula VI with hy-
drochloric acid gives the  2-0x0-1,5(H)-
pyrimidinedicarboxylic acid diester of formula 1. Simi-
larly, treatment of the compound of formula VIII with
15 hydrochloric acid gives the 2-oxo0-3-acyl-5-
pyrimidinecarboxylic acid of formula 1.

The 2-thioxo-1,5(2H)-pyrimidinedicarboxylic acid
.diesters of formula I, i.e., Y is —O-R; and X is sulfur,
and the 2-thioxo-3-acyl-5-pyrimidinecarboxylic acid
and esters of formula I, i.e., Y is R and X is sulfur, can
be prepared as follows.

A keto ester compound of formula 111 is treated with
S-(benzyl or 4-methoxybenzyl)thiopseudourea of the
25 formula

20

NH

CHy=~S—C
N\
NH;

30
especially the hydrochloride salt thereof, wherein Ry is
hydrogen or methoxy. This reaction is carried out in the

35 presence of sodium acetate and gives the 14-
pyrimidinecarboxylic acid of the formula

Ry H X)
40 \C/ O
7 N\
ll\II ﬁ—C—O—Rg
C C—R;
/" N\ /
Ris CH;—S l'lq
45 H

The 1,4-pyrimidinecarboxylic acid ester of formula X
is then treated with the chloroformate of formula IV in
50 the presence of an organic base such as pyridine to give

the 1,5(6H)-pyrimidinedicarboxylic acid diester of the
formula

55 Mo A XD
O C O
N/ N
R]'—O-C'—I}I ﬁ'—C—O—Rg,
/C\ /C—Rz
60 Ri2 CHy>—S N

Similarly, the treatment of the 1,4-pyrimidinecarboxylic

s acid ester of formula X with the acyl chloride of for-
mula VII in the presence of an organic base such as
pyridine gives the 3-acyl-5-pyrimidinecarboxylic acid
ester of the formula



R4 H (XII)
N\ /
O C O
i N :
Ru"‘"C"‘"Ii\T ﬁ“"‘C“O"R;;

N C C—R>
R CH>=S$S N
. , 10

When Rjzis hydrogen, treatment of the intermediate
of formula XI with bromotrimethylsilane gives the de-
sired 1,5(2H)-pyrimidinedicarboxylic acid diester of
formula I and similar treatment of the intermediate of 15
formula XII gives the desired 3-acyl-5-pyrimidinecar-
boxylic acid ester of formula 1. When Rj2 is methoxy,
treatment of the intermediate of formula XI with triflu-
oroacetic acid alone or in combination with ethanethiol
gives the desired 1,5(2H)-pyrimidinedicarboxylic acid
diester of formula I and similar treatment of the inter-
mediate of formula XII gives the desired 3-acyl-5-
pyrimidinecarboxylic acid ester.

Additionally, the 1,5(6H)-pyrimidinedicarboxylic
acid diester of formulas VI or XI can be prepared by
treating the 1,4-pyrimidinecarboxylic acid ester of for-
mula III or X with phosgene followed by the alcohol of
formula

20

25

30
R;—OH. (XHI)
This procedure is preferred when R 1s
35
Rs O Rs
/. N/
w—Ay=N ,=—A;—C=N ,or
N\ N\
Ré R¢
40
—[_\N"'"Rm.
(CHZ);!_/
45

The compounds of formula I wherein Y is —O-R;
can also be prepared by reacting the alcohol of formula
XIII with 4-nitrophenyl chloroformate to give the rea-

gent of the formula 50

o (XIV)

R;—0—C—0 NO;.

33

The reagent of formula XIV is then reacted with the
1,4-pyrimidinecarboxylic acid ester of formula III or X
wherein Ri2 is methoxy followed by treatment with
hydrochloric acid to give the 2-oxo products or treat-
 ment with trifluoroacetic acid alone or in combination
with ethanethiol to give the 2-thioxo products.

- The compounds of formula I wherein Y 1s —O—R;
can also be prepared by treating the 1,4-pyrimidinecar- s
~ boxylic acid ester of formula III or X with 4-nitrophe-
nyl chloroformate to give the intermediate of the for-

mula

5,202,330

10

H (XV)
R4\ /

O C 0
N 7 \ |
O2N O=C==N C—C=-—0~—R3
H3CO""'
C |
CHZ_S_ \ / \ ®
o

H

The mtermedlate of formula XV is treated with hydro-
chloric acid or trifluoroacetic acid alone or in combina-
tion with ethanethiol, as described above, to give

O
C |
—.‘Omc—Nf ~ ﬁi-C-"O""R;;

\ -""'\
R
H

(XVD

Treatment of the intermediate of formula XVI with
the alcohol of formula XIII gives the desired com-
pounds of formula I.

The above two processes are preferred for preparing
branched products, i.e. at least one of Rj3 and Riq4
within the definition of Rj is other than hydrogen.

Additionally, the 2-thioxo-1,5(2H)-pyrimidinedicar-
boxylic acid diesters of formula I can be prepared by
reacting a 2-thioxo-5-pyrimidinecarboxylic acid ester of
the formula

O

1
HN C—C—0=—R3
| i
C C
7 N7 N\
S |
H

\ /
<

R

with the acid chloride of formula IV in the presence of
pyridine

The 2-thioxo-5-pyrimidinecarboxylic acid ester start-
ing material of formula XVII can be prepared by react-
ing an aldehyde of the formula

R4—CHO (XVIII)
with the keto ester of the formula
‘«ﬁ‘ ﬁ' (XIX)
Ry—C—CH;—C—0~—R3
and thiourea. |
The compounds of formula I contain an asymmetric

center within the pyrimidine ring as represented by the
*, Thus, the compounds of formula I can exist in stereoi-
someric forms or in mixtures thereof. The above de-

- scribed processes can utilize racemates, enantiomers or

diastereomers as starting materials. When diastereom-
eric products are prepared, they can be separated by
conventional chromatographic or fractional crystalliza-
tion methods.
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For example, the 2-thioxo-1,5(2H)-pyrimidinedicar-
boxylic acid diesters of formula I can be prepared as a
resolved product as follows. The 1,4-pyrimidinecar-
boxylic acid ester of formula X is reacted with phosgene
followed by N-[(1,1-dimethylethoxy)carbonyl}-4-(trans-
hydroxy)-L-proline, methyl ester in the presence of an
organic base such as pyridine to give the unresolved
intermediate of the formula

‘I:I) (XX)
C—0O0—C(CH;3);
0O I
] N Ry H
H;CO—C ﬁ) \C/ ﬁ)
L]—o—c-—rlq"'" S h:—c—o—n;.
/C'“""N _C—R;

H3CO H;C—$§

The intermediate of formula XVII is treated with
trifluoroacetic acid and anisole and the resulting 2-thi-
oxo compound is resolved chromatographically to give

H XXD
'0) I
{ N Ry H
H3CO'—'C—[ ] II) \C/ ﬁ.
O—C—N~" "“f':—c-o-R
I
C C—Rj
S/ ""\.rlq#"

as 1somers A and B.

The resolved intermediates of formula XXI can be
hydrolyzed to give the resolved form of the 2-thioxo-5-
pynmidinecarboxylic acid of formula XVII. Reaction
with the acid chloride of formula IV gives the resolved
final product.

If any of Ri, R11, Ry, R3and R4in the above are aryl,
-A-aryl, or terminate in —(CHj)-aryl wherein aryl is
phenyl, 1-naphthyl, or 2-naphthyl substituted with one
or more hydroxy or amino groups, heterocyclo, -Aj-
heterocyclo or -Aj-heterocyclo wherein the heterocy-
clo ring contains an NH such as imidazolyl, or a substi-

tuted alkyl such as -A;—OH, -A>—-NH,, -A>—SH, or

O

I
—A»—C—NHj,

the hydroxyl, amino, or mercaptan function should be
protected during the reaction. Suitable protecting
groups include benzyloxycarbonyl, t-butoxycarbonyl,
benzyl, benzhydryl, etc. The protecting group is re-
moved by hydrogenation, treatment with acid, or by
other known means following completion of the reac-
tion.

Preferred 1,5(2H)-pyrimidinedicarboxylic acid com-
pounds of formula I, ie. Y is —O—R;j, are those
wherein:

R 1s straight or branched chain lower alkyl of 1 to §
carbons, benzyl,

10
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12

y OT

N=Rio

R< is straight or branched chain lower alkyl of 1 to 5
carbons, especially methyl. |

R 1s straight or branched chain lower alkyl of 1 to 5
carbons, benzyl,

R4 1s mono substituted phenyl wherein said substitu-
ent is selected from lower alkyl of 1 to 4 carbons, halo,
CF;, or nitro, disubstituted phenyl wherein said substit-
uents are selected from methyl, halo, CF3 and nitro, 2-,
3-, or 4-pyridinyl, 2-methylthio-3-pyridinyl, or 2, 1,
3-benzoxadiazolyl.

Az1s —CH»—(CH3),~— or

CH;

nis 1, 2 or 3.

Rsand Reare independently selected from hydrogen,
straight or branched chain lower alkyl of 1 to 5 carbons,
and benzyl, or Rs and R¢ taken together with the N

atom to which they are attached complete a heterocy-
clic ring of the formula |

-—N N—Rau.

-/
- Rg is methyl, benzyl, or diphenylmethyl.

Riois benzyl or diphenylmethyl.

Most preferred 1,5(2H)-pyrimidinedicarboxylic acids
are those wherein:

R; is methyl, ethyl, isopropyl, benzyl,

CH,
(CH>) N/
— 2027 ’
N\

CH;

=—(CH2),—N N—CH

e/ 2

y OF

N-benzyl.

R3 is ethyl, isopropyl, benzyl,
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~-(CH3);=N N-—CH :
\_/ 2

R4 1s 2-nitrophenyl, 3-nitrophenyl, 2-chlorophenyl,
3-chlorophenyl, 2-(trifluoromethyl)phenyl,  3-(tri-
fluoromethyl)phenyl, 2,3-dichlorophenyl, 2-chloro-3-
nitrophenyl, or 4-(2,1,3-benzoxadiazol)-yl.

Preferred 3-acyl-S-pyrimidinecarboxylic acids and

esters of formula I, i.e., Y is Ry, are those wherein:
Rii 1s straight or branched chain lower alkyl of 1 to 5
carbons,

or

-CH>
| Rg

R3

—{(CH3);
| Re

R is straight or branched chain lower alkyl of 1 to 5
carbons, especially methyl.

R3 is straight or branched chain lower alkyl of 1 to §
carbons.

R4 1s mono substituted phenyl wherein said substitu-
ent 1s selected from lower alkyl of 1 to 4 carbons, halo,
CF3, and nitro, disubstituted phenyl wherein said sub-
stituents are selected from methyl, halo, CF3, and nitro,
or 2,1,3-benzoxadiazolyl, especially 3-nitrophenyl.

Rg is hydrogen, methyl, methoxy, methylthio, halo,
CF3, nitro, or hydroxy

The compounds of formula I which contain an amino
group form salts with a variety of inorganic and organic
acids. The non-toxic pharmaceutically acceptable salts
are preferred, although other salts may also be useful in
isolating or purifying the product. Such pharmaceuti-
cally acceptable salts include those formed with hydro-
chloric acid, methanesulfonic acid, sulfuric acid, acetic
acid, maleic acid, etc. The salts are obtained by reacting
the product with an equivalent amount of the acid in a
medium in which the salt precipitates.

In addition, the compounds of formula I in which R},
Ri1,, Roor Riis

O

I
A= C=0—Ry

or in which Rj is hydrogen include carboxylic acid
salts, i.e., R3 or R71s a pharmaceutically acceptable salt
forming ion. Preferred salt forming ions include alkali
metal] salt ions such as sodium, potassium and lithium,
“and alkaline earth metal salt ions such as calcium and
magnesium. |
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lar agents. These compounds act as calcium entry
blocking vasodilators and are especially useful as anti-
hypertensive agents. Thus, by the administration of a
composition containing one (or a combination) of the
compounds of this invention the blood pressure of a
hypertensive mammalian (e.g., human) host is reduced.
A single dose, or preferably two to four divided daily
doses, provided on a basis of about 0.1 to 100 mg. per
kilogram of body weight per day, preferably from about
1 to about 50 mg. per kilogram per day, is appropriate to
reduce blood pressure. The substance is preferably ad-
ministered orally, but parenteral routes such as the sub-
cutaneous, intramuscular, or intravenous routes can also
be employed.

As a result of the calcium entry blocking activity of
the compounds of formula 1, it is believed that such
compounds in addition to being anti-hypertensives may
also be useful as anti-arrhythmic agents, as anti-anginal
agents, as anti-fibrillatory agents, as anti-asthmatic
agents, and 1n limiting myocardial infarction.

The compounds of this invention can also be formu-
lated 1n combination with a diuretic, or a beta-adrener-
gic agent, or angiotensin converting enzyme inhibitor.
Suitable diuretics include the thiazide diuretics such as
hydrochlorothiazide and bendroflumethiazide, suitable
beta-adrenergic agents include nadolol, and suitable
angiotensin converting enzyme inhibitors include cap-
topril. |

The compounds of formula I can be formulated for
use in the reduction of blood pressure in compositions
such as tablets, capsules or elixirs for oral administra-
tion, or in sterile solutions or suspensions for parenteral
administration. About 10 to 500 mg. of a compound of
formula I is compounded with physiologically accept-
able vehicle, carrier, excipient, binder, preservative,
stabilizer, flavor, etc., in a unit dosage form as called for

by accepted pharmaceutical practice. The amount of
active substance in these compositions or preparations is

such that a suitable dosage in the range indicated is
obtained.

The following examples are illustrative of the inven-
tion. Temperatures are given in degrees centigrade.

EXAMPLE 1

3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic, diethyl ester

a)
1,2,3,4-Tetrahydro-6-methyl-4-(3-nitrophenyl)-2-thiox-
o-J-pyrimidinecarboxylic acid, ethyl ester

A solution containing m-nitrobenzaldehyde (7.55 g.,

50.0 mmole), ethylacetoacetate (6.5 g., 50.0 mmole), and
thiourea (3.8 g., 50.0 mmole) in absolute ethanol (30 ml.)

~ 1s treated with concentrated hydrochloric acid (0.2 ml.).

65

The compounds of formula I and the pharmaceuti-

cally acceptable salts thereof are useful as cardiovascu-

The resulting reaction mixture is heated at reflux for 6
hours. It is then cooled to room temperature and tritu-
rated. A small amount of a white solid precipitates out.
The reaction flask is then allowed to cool in the refrig-
erator overnight. The precipitate that forms is filtered
off and washed with additional absolute ethanol to pro-
vide 2.5 g. of colorless solid product. Recrystallization
from absolute ethanol gives an analytically pure sample
of 1,2,3,4-tetrahydro-6-methyl-4~(3-nitr0phenyl)-2-thj—
0x0-3-pyrimidine-carboxylic acid, ethyl ester; m.p.
208°~209°. TLC (silica gel; ethyl acetate:hexanes, 1:1)
Rr=0.45.
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Anal. calc’d. for C1sH1sN304S: C, 52.33; H, 4.71; N,
13.08:; S, 9.98. Found: C, 52.28; H, 4.81; N, 13.10; S,
9.90.

b)
3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, diethyl ester

A suspension of 1,2,3,4-tetrahydro-6-methyl-4-(3-
nitrophenyl)-2-thioxo-5-pyrimidinecarboxylic acid,
ethyl ester (3.0 g., 9.35 mmole) in dichloromethane (40
ml.) and tetrahydrofuran (10 ml.) is cooled to 0° and
treated with pyridine (2 ml.) followed by the dropwise
addition of ethyl chloroformate (1.58 g., 14.6 mmole).
After the addition is complete, a yellow solution results:
After stirring the reaction mixture at room temperature
for one hour (TLC shows the presence of some starting
material), it is diluted with ethyl acetate (250 ml.). The
resulting solution is washed with water, 5% citric acid,
sodium bicarbonate and brine. After drying over anhy-
drous magnesium sulfate, the solvent is stripped off to
give a thick yellow oil. This o0il 1s triturated with anhy-
drous ether whereby some starting maternal precipitates
out. The precipitate 1s filtered off and the filtrate is
concentrated and purified by flash chromatography
(3% ethyl acetate in dichloromethane). The residue
obtained, after evaporation of the solvent, 1s crystallized
from isopropyl ether-hexanes to give 2.20 g. of 3,6-dihy-
dro-4-methyl-6-(3-nitrophenyl)-2-thioxo-1,5(2H)-
pyrimidinedicarboxylic acid, diethyl ester, m.p,
125.5°-127°. TLC (silica gel; ethyl acetate:hexanes,
40:60) R=0.43.

Anal. calc’d. for C17H19N306S: C, 51.90; H, 4.87; N,
10.68; S, 8.15. Found: C, 51.73; H, 4.80; N, 10.44; S,
7.93.

EXAMPLE 2

3,6-Dihydro-4-methyl-6-(3-mitrophenyl)-2-0x0-1,5(2H)-
pyrimidinedicarboxylic acid, diethyl ester

a) 1,4-Dihydro-2-methoxy-6-methyl-4-(3-nitro-
phenyl)-5-pyrimidinecarboxylic acid, ethyl ester

A reaction mixture containing 2-[(3-nitrophenyl)me-
thylene]-3-oxobutanoic acid, ethyl ester (2.62 g., 10.0
mmole), 2-methylpseudourea sulfate (1.72 g., 10.0
mmole), and sodium acetate (1.8 g., 22.0 mmole) in
tetrahydrofuran (10 ml.) is heated under reflux for 4
hours. The reaction mixture is allowed to cool to room
temperature, diluted with ethyl acetate, and filtered.
The filtrate is washed with sodium bicarbonate and
brine, and then dried over anhydrous magnesium sul-
fate. Evaporation of the solvent gives a yellow oil
which is purified by flash chromatography (5% ethyl
acetate in dichloromethane). The resulting foam is crys-
tallized from isopropanolhexanes to provide 1.53 g. of
1,4-dihydro-2-methoxy-6-methyl-4-(3-nitrophenyl)-5-
pyrimidinecarboxylic acid, ethyl ester as a colorless
crystalline product; m.p. 103.5°-105°. TLC (silica gel;
ethyl acetate:hexanes, 50:50) R/~=0.31.

Anal. calc’d. for CisH17N30s: C, 56.42; H, 5.37; N,
13.16. Found: C, 56.52; H, 5.35; N, 13.03.

b) _
3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-oxo-1,5(2H)-
pyrimidinedicarboxylic acid, diethyl ester

A solution of 1,4-dihydro-2-methoxy-6-methyl-4-(3-
nitrophenyl)-5-pyrimidinecarboxylic acid, ethyl ester
(1.5 g., 4.7 mmole) in dichloromethane (15 ml.) and
pyridine (0.4 ml.) is cooled to 0° and treated with ethyl
chloroformate (537 mg. of 97%, 4.8 mmole). A white
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precipitate forms immediately. The reaction is allowed
to stir at room temperature for 30 minutes and the sol-
vent is stripped off. The residue is dissolved in methanol
(10 ml.) and 1s treated with 2N hydrochloric acid (2
ml.). After stirring the reaction mixture at room temper-
ature for 30 minutes, the solvent is stripped off. The
residue is taken up in ethyl acetate and is washed with
sodium bicarbonate and brine. After drying over anhy-
drous magnesium sulfate, the solvent is evaporated to
provide a colorless foam. This foam is crystallized from
isopropyl ether-hexanes to yield 1.64 g. of 3,6-dihydro-
4-methyl-6-(3-nitro-phenyl)-2-oxo-1,5(2H)-
pyrimidinedicarboxylic acid, diethyl ester as a colorless
crystalline product; m.p. 107°-108.5°. TLC (silica gel;
ethyl acetate: hexanes, 50:50) Rr=0.26.

Anal. calc’d. for: Ci7H19N31O7 C, 54.11; H, 5.08; N,
11.14. Found: C, 54.10; H, 5.06; N, 10.93.

EXAMPLE 3

3,6-Dihydro-4-methyl-6-(2,3-dichlorophenyl)-2-o0x0-
1,5(2H)-pynmidinedicarboxylic acid, diethyl ester

a)
- 1,4-Dihydro-2-methoxy-6-methyl-4-(2,3-dichloro-
phenyl)-5-pyrimidinecarboxylic acid, ethyl ester

A solution of 2-[(2,3-dichlorophenyl)methylene]-3-
oxobutanoic acid, ethyl ester (2.87 g., 10 mmole) in
anhydrous tetrahydrofuran (10 ml.) is treated with 2-
methylpseudourea hydrogen sulfate (2.23 g., 13.0
mmole), sodium acetate (2.21 g., 27.0 mmole), and mag-
nesium sulfate (0.50 g.). The resulting suspension is
heated at 50° for 24 hours. Some starting material is still
present (I'LC). The reaction is allowed to cool down to
room temperature, diluted with ethyl acetate, and fil-
tered. The filtrate is washed with water, sodium bicar-
bonate, and brine. After drying over anhydrous magne-
sium sulfate, the solvent is evaporated to provide a
yellow oil. It is purified by flash chromatography on
silica gel (5% ethyl acetate in dichloromethane) to vield
1.31 g. of 1,4-dihydro-2-methoxy-6-methyl-4-(2,3-
dichlorophenyl)-5-pyrimidinecarboxylic acid, ethyl
ester as a colorless foam.

b)
1,4-Dihydro-4-methyl-6-(2,3-dichlorophenyl)-2-oxo-
1,5(2H)-pyrimidinedicarboxylic acid, diethyl ester

A solution of 1,4-dihydro-2-methoxy-6-methyl-4-(2,3-
dichlorophenyl)-5-pynimidinecarboxylic acid, ethyl
ester (1.3 g., 3.8 mmole) in dichloromethane (10 ml.) is
cooled to 0° and treated with pyridine (0.6 ml., 7.58
mmole) followed by ethyl chloroformate (0.4 ml., 4.0
mmole). The cooling bath is removed and the reaction
is allowed to stir at room temperature overnight. The
solvent 1s then stripped off to provide a colorless solid.
This maternal is dissolved in tetrahydrofuran-methanol
(10 ml. of 1:4 mixture) and treated with 2N hydrochlo-
ric acid (2 ml.). The reaction is allowed to stir at room
temperature for 30 minutes and the solvent is then evap-
orated. The residue is extracted with ethyl acetate and
the combined extracts are washed with sodium bicar-
bonate and brine. After drying over anhydrous magne-
sium sulfate, the solvent is stripped and the residue is
crystallized from isopropyl ether to provide 1.25 g. of
3,6-dihydro-4-methyl-6-(2,3-dichlorophenyl)-2-oxo-
1,5(2H)pyrimidinedicarboxylic acid, diethyl ester as a
colorless solid; m.p. 139.5°-141°. TLC(silica gel; aceto-
ne/hexanes, 50:50) Ry=0.44.
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Anal. calc’d. for C17H13C1oN2O5 C, 50.89; H, 4.52; N,
6.98; Cl, 17.67. Found: C, 51.07; H, 4.57; N, 6.74; C],
17.53. |

EXAMPLE 4

3,_6~Dihydro-4-methyl-2-;oxo-6-[2-(triﬂuoromethyl)-
phenyl}-1,5(2H)-pyrimidinedicarboxylic acid, diethyl
ester

a)
1,4-Dihydro-2-methoxy-6-methyl-4-[2-(trifluorome-
thyl)phenyl]-5-pyrimidinecarboxylic acid, ethyl ester

A solution of 2-[[2-(triflvoromethyl)phenylime-
thylene]-3-oxobutanoic acid, ethy! ester (2.86 g., 10.0
mmole) in dry dimethylformamide under argon is
treated with 2-methylpseudourea hydrogen sulfate (2.10
g., 12.2 mmole) and sodium acetate (2.0 g., 12.2 mmole).
The resulting suspension is allowed to stir at room tem-
perature overnight and is then heated at 55° for 6 hours.
Some starting material is still present (TLC). The reac-
tion mixture is diluted with ethyl acetate and filtered.
The filtrate is washed with water, sodium bicarbonate,
and brine. After drying over anhydrous magnesium
sulfate, the solvent is evaporated to give a yellow foam.
- This material is purified by flash chromatography (5%
ethyl acetate in methylene chloride) to give 2.17 g. of
1,4-dihydro-2-methoxy-6-methyl-4-[2-(trifluorome-
thyl)phenyl]-5-pyrimidinecarboxylic acid, ethyl ester as
a colorless thick oil which solidifies on standing. TLC
(silica gel; ethyl acetate/hexanes, 40:60) Ry/=0.46.

b)
3,6-Dihydro-4-methyl-2-0x0-6-[2-(trifluoromethyl)-
phenyl]-1,5(2H)-pyrimidinedicarboxylic acid, diethyl
ester

A solution of 1,4-dihydro-2-methoxy-6-methyl-4-[2-
(trifluoromethyl)phenyl]-5-pyrimidinecarboxylic acid,
ethyl ester (2.11 g., 6.17 mmole) in methylene chloride
(10 ml.) and pyridine (1.2 ml,, 15.0 mmole) under argon
18 cooled to 0° and then treated with 97% ethyl chloro-
formate (0.7 ml. 7.0 mmole). After the addition is com-
pleted, the cooling bath 1s removed and the reaction is
allowed to stir at room temperature for 4 hours. The
solvent is then stripped to give a colorless solid. The
material is dissolved in methanoltetrahydrofuran (15 ml.
of a 3:1 solution) and treated with 2N hydrochloric acid
(3 ml.). The reaction is allowed to stir at room tempera-
ture for 2 hours and the solvent is evaporated. The
residue is extracted with ethyl acetate and the resulting
solution is washed with water, sodium bicarbonate, and
brine. It is dried over anhydrous magnesium sulfate and
evaporated. The resulting residue is triturated with
isopropyl ether to give 1.97 g. of crude product as a
colorless solid. Recrystallization from isopropyl ether-
-dichloromethane gives 1.82 g. of 3,6-dihydro-4-methyl-
2-0x0-6-[2-(trifluorometyl)phenyl]-1,5(2H)-
pyrimidinedicarboxylic acid, diethyl] ester as a colorless
crystalline product; m.p. 161°-163°, TLC (silica gel;
acetone/hexanes, 40:60) R=0.33.

Anal. calc’d. for: CisH19F3N205 C, 54.00; H, 4.78; N,
7.00. Found: C, 53.87; H, 4.89; N, 6.89.
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EXAMPLE 5

3,6-Dihydro-4-methyl-6-(2-nitrophenyl)-2-0xo0-1,5(2H)-
pyrimidinedicarboxylic acid, diethyl ester

_ a)
1,4-Dihydro-2-methoxy-6-methyl-4-(2-nitrophenyl)-5-
pyrimidinecarboxylic acid, ethyl] ester

A suspension containing 2-[(2-nitrophenyl)me-
thylene]-3-oxobutanoic acid, ethyl ester (2.63 g., 10.0
mmole), 2-methylpseudourea hydrogen sulfate (2.12 g.,
12.2 mmole) and sodium acetate (2.0 g., 12.2 mmole) in
dry dimethylformamide (10 ml.) is stirred under argon
at room temperature overnight.

The reaction mixture is then heated at 55°-60° for 6
hours. Afterward, it is cooled to ambient temperature,
diluted with ethyl acetate, and filtered. The filtrate is
thoroughly washed with water, sodium bicarbonate,
and brine. After drying over anhydrous magnesium
sulfate, the solvent is evaporated to yield a yellow foam.
Purification by flash chromatography (5% ethyl acetate
in dichloromethane) gives 2.47 g. of 1,4-dihydro-2-
methoxy-6-methyl-4-(2-nitrophenyl)-5-pyrimidinecar-
boxylic acid, ethyl ester. TLC (silica gel; ethyl acetate/-
hexenes, 40:60) R=0.38.

. b)
3,6-Dihydro-4-methy!-6-(2-nitrophenyl)-2-oxo-1,5(2H)-
pyrimidinedicarboxylic acid, diethyl ester

A solution of 1,4-dihydro-2-methoxy-6-methyl-4-(2-
nitrophenyl)-5-pyrimidinecarboxylic acid, ethyl ester
(2.4 g., 7.52 mmole) in dichloromethane (12 ml.) and
pyridine (1.2 ml, 15 mmole) is treated at 0° with ethyl
chloroformate (0.9 ml.,, 9.0 mmole of 97%). After the
addition is completed, the cooling bath is removed and
the stirring is continued at room temperature for 4
hours. The solvent is evaporated and the resulting solid
is dissolved in methanoltetrahydrofuran (15 ml. of 2:1
mixture) and treated with 2N hydrochloric acid (3 ml.).
After two hours, most of the solvent is removed under
vacuum. The resulting solid is taken up in ethyl acetate
and washed with water, sodium bicarbonate, and brine.
After drying over anhydrous magnesium sulfate, the
solvent is removed and the residue is crystallized from
methylene chloride-isopropyl ether to give 2.3 g. of
product as a light yellow solid. Recrystallization from
1sopropyl etherdichloromethane gives 2.15 g. of analyti-
cally pure 3,6-dihydro-4-methyl-6-(2-nitrophenyl)-2-
oxo-1,5(2H)-pyrimidinedicarboxylic acid, diethyl ester:
m.p. 150.5°-152°. TLC (silica gel; acetate/hexanes,
40:60) R=0.28.

Anal calc’d. for C17H19N307 C, 54.11; H, 3.08: N,
11.14. Found: C, 54.00; H, 5.09; N, 11.08.

EXAMPLE 6

3,6-Dihydro—4—-mcthyl-ﬁ-(3~enitr0phenyl)-2-oxo-1,5(2H)—
pyrimidinedicarboxylic acid, 1-ethyl
5(1,1-dimethylethyl) ester

a)
1,4-Dihydro-2-methoxy-6-methyl-4-(3-nitrophenyl)-5-
pyrimidinecarboxylic acid, 1,1-dimethylethyl ester °

A mixture of 2-[(3-nitrophenyl)methylene]-3-
oxobutanoic acid, 1,1-dimethylethyl ester (6.8 g., 23.3
mmole), 2-methylpseudourea hydrogen suifate (5.22 £,
30.3 mmole) and sodium bicarbonate (5.87 g., 69.9
mmole) in dimethylformamide (35 ml.) is stirred at
room temperature overnight under argon. After 23
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hours at room temperature, the reaction is heated at 60°
(oil bath) for 5.5 hours. It is then partitioned between
ethyl acetate and 5% sodium bicarbonate. The organic
phase is washed several times with water, washed with
saturated sodium chloride, and dried over potassium
carbonate. Evaporation gives 9.9 g. of crude 1,4-dihy-
dro-2-methoxy-6-methyl-4-(3-nitrophenyl)-5-
pyrimidinecarboxylic acid, 1,1-dimethylethyl ester as a
light brown oil. TLC (silica gel; 50% ethyl acetate/hex-
anes) major spot at Rq=0.53.

b) 3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-
oxo-1,5(2H)-pyrimidinedicarboxylic acid, 1-ethyl
5-(1,1-dimethylethyl)ester

A solution of the ester product from part (a) (3.0 g.,
8.62 mmole) and dry pyridine (3.5 ml., 43 mmole) in dry
dichloromethane (17 ml.) in an ice bath under argon is
treated dropwise via gastight syringe with ethyl chloro-
formate (0.99 ml., 10.35 mmole). After stirring at 0° for
an hour, the reaction mixture is evaporated. The residue
is taken up in methanol and treated with SN hydrochlo-
ric acid (pH 1). After two hours stirring at room tem-
perature, the reaction mixture is evaporated. The resi-
due is taken up in dichloromethane and washed with
water, sodium bicarbonate and brine. After drying over
anhydrous magnesium sulfate, the solvent is evapo-
rated. The residue is dissolved in dichloromethane,
diluted with isopropyl ether, and partially evaporated
to precipitate 2.76 g. of white crystals. A second crop
(0.21 g.) precipitates from the mother liquor. These two
crops are dissolved in dichloromethane, diluted with
isopropyl ether, and the dichloromethane is boiled off.
After cooling to room temperature, the solids that pre-
cipitated are filtered and vacuum dried at 70° (o1l bath)
to give 2.51 g. of 3,6-dihydro-4-methyl-6-(3-nitro-
phenyl)-2-0x0-1,5(2H)-pyrimidinedicarboxylic  acid,
1-ethyl 5-(1,1-dimethylethyl) ester; m.p. 177°-179".
TLC(silica gel; 50% ethyl acetate/hexanes) Ry/=0.48.

Anal. calc’d. for CioHr3N3O7: C, 56.29; H, 5.72; N,
10.36. Found: C, 56.29; H, 5.83; N, 10.32.

EXAMPLE 7

3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-ox0-1,5(2H)-
pyrimidinedicarboxylic acid, 5-ethyl 1-(1-methylethyl)
ester

A solution of 1,4-dihydro-2-methoxy-6-methyl-4-(3-
nitrophenyl)-5-pyrimidinecarboxylic acid, ethyl ester
(1.5 g., 4.7 mmole) and pyridine (1.90 ml.) in dry dichlo-
romethane (10 ml.) is cooled to 0° under argon and
treated dropwise with isopropyl chloroformate (0.70
ml., 6.10 mmole). After the addition is completed, the
cooling bath is removed and the reaction is allowed to
stir at room temperature for 2 hours. The solvent is
removed in vacuo and the resulting residue is dissolved
in methanol-tetrahydrofuran (20 ml. of 1:1 mixture). It is
then treated with 2N hydrochloric acid (60 ml.) and the
reaction is allowed to stir at room temperature for one
hour. The solvent is stripped and the residue is taken up
in ethyl acetate. The resulting solution is washed with
water, sodium bicarbonate, and brine. After drying over
anhydrous magnesium sulfate, the solvent is evapo-
rated. The residue is crystalhized from dichiorome-
thane-isopropyl ether-hexanes to provide 1.34 g. of
colorless solid. The mother liquor is concentrated and
the residue is triturated with 1sopropyl ether-hexanes to
provide 282 mg. of a second crop. Both crops are com-
bined and recrystallized from dichloromethaneisopro-
pyl ether-hexanes to give 1.33 g. of 3,6-dihydro-4-meth-

20

- yl-6-(3-nitrophenyl)-2-ox0-1,5(2H)-pyrimidinedicar-
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boxylic acid, S5-ethyl 1-(methylethyl) ester; m.p.
128°~129° (sinters at 121°). TLC (silica gel; 50% ethyl
acetate/hexanes) R=0.35.

Anal calc’d. for CjgH21N3O7: C, 55.24; H, 5.41; N,
10.74. Found: C, 5§5.23; H, 5.40; N, 10.67.

EXAMPLE 8

3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-0x0-1,5(2H)-
pyrimidinedicarboxylic acid, 5-ethyl 1-(phenylmethyl)
ester

A solution of 1,4-dihydro-2-methoxy-6-methyl-4-(3-
nitrophenyl)-S-pyrimidinecarboxylic acid, ethyl ester
(200 g., 6.26 mmole) and pyridine (2.53 ml., 31.3
mmole) in dichloromethane (11 ml.) at —20° (methanol-
/ice bath) under argon is treated via syringe with benzyl
chloroformate (1.16 ml., 8.14 mmole). After one hour at
—20°, the reaction is stirred at room temperature for 1.5
hours and evaporated. The residue is taken up in tet-
rahydrofuran/methanol (20 ml. each), treated with 5N
hydrochloric acid (5.0 ml.), and stirred at room temper-
ature for 3 hours. The reaction is quenched with satu-
rated sodium bicarbonate and extracted with ethyl ace-
tate. The organic phase 1s washed with saturated so-
dium chlornide, dried over anhydrous magnesium sul-
fate, and evaporated. The residue is chromatographed
and crystallized from dichloromethane/isopropyl ether
to give 1.75 g. of white crystalline 3,6-dihydro-4-meth-
yl-6-(3-nitrophenyl)-2-0x0-1,5(2H)-pyrimidinedicar-
boxylic acid, 5-ethyl 1-(phenylmethyl) ester; m.p.
143°-144°. TLC (silica gel; ethyl acetate/hexanes, 2:1)
R =0.69.

Anal. calc’d. for C22H1N3O7: C, 60.13;: H, 4.82: N,
9.56. Found: C, 60.22; H, 4.88; N, 9.73.

EXAMPLE 9

3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-0x0-1,5(2H)-
pyrimidinedicarboxylic acid, 1-(1,1-dimethylethyl)
S5-ethyl ester

A solution of 1,4-dihydro-2-methoxy-6-methyl-4-(3-
nitrophenyl)-5-pyrimidinecarboxylic acid, ethyl ester
(0.96 g., 3.0 mmole) and 4-dimethylaminopyridine (36
mg., 0.3 mmole) in dry acetonitrile (6.0 ml.) at room
temperature under argon is treated with di-t-butyl-
dicarbonate (0.76 ml., 3.3 mmole). After stirring for one
hour, the reaction mixture is evaporated. The residue is
taken up in tetrahydrofuran/methanol (10 ml. each) and
treated with IN hydrochloric acid (4.0 ml., pH 1.0).
After stirring for 2 hours, the reaction is quenched with
saturated sodium bicarbonate, partially evaporated, and
extracted with ethyl acetate. The organic phase is
washed with saturated sodium chloride and evaporated.
Flash chromatography and crystallization from di-
chloromethane/isopropyl ether gives 792 mg. of 3,6-
dihydro-4-methyl-6-(3-nitrophenyl)-2-0x0-1,5(2H)-
pyrimidinedicarboxylic acid, 1-(1,1-dimethylethyl) 5-
ethyl ester as white electrostatic crystals; m.p.
139°-140°. TLC (silica gel; ethyl acetate/hexanes, 1:1)
R =0.46.

Anal. calc’d. for C19H23N307: C, 56.29; H, 5.72; N,
10.36. Found: C, 56.36; H, 5.62; N, 10.03.
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EXAMPLE 10

3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-0x0-1,5(2H)-
pyrimidinedicarboxylic acid, bis(1,1-dimethylethyl)
ester

A solution of 1,4-dihydro-2-methoxy-6-methyl-4-(3-
nitrophenyl)-3-pyrimidinecarboxylic acid, 1,1-dime-
thylethyl ester (0.64 g., 1.84 mmole) and 4-dime-
thylaminopyridine (22 mg., 0.18 mmole) in acetonitrile
(4.0 ml.) at room temperature under argon is treated via
syringe with di-t-butyl-dicarbonate (0.465 ml., 2.02
mmole). After stirring for one hour, the reaction is
diluted with methanol (3 ml.) and treated with 1N hy-
drochloric acid (2.0 ml.). After stirring for 2 hours, the

reaction is quenched with saturated sodium bicarbonate

and partially evaporated. The resulting mixture is ex-
tracted with ethyl acetate. The organic phase is washed
with saturated sodium chloride and evaporated. The
residue is flash chromatographed and crystallized from
isopropyl ether/hexanes to give 706 mg. of 3,6-dihydro-
4-methyl-6-(3-nitrophenyl)-2-oxo-1,5(2H)- |
pyrimidinedicarboxylic acid,  bis(1,1-dimethylethyl)
ester as white crystals; m.p. 160°-161°. TLC (silica gel;
ethyl acetate/hexanes, 2:3) Ry=0.43.

Anal. calc’d. for Cy1HyIN3O+: C, 58.19; H, 6.28; N,
9.69. Found: C, 58.40; H, 6.26; N, 9.51.

EXAMPLE 11

3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-0x0-1,5(2H)-
pyrimidinedicarboxylic acid, 1-ethyl 5-(1-methylethyl)
- ester

a)
1,4-Dihydro-2-methoxy-6-methyl-4-(3-nitrophenyl)-5-
pyrimidinecarboxylic acid, 1-methylethyl ester

A mixture of 2-[(3-nitrophenyl)methylene]-3-
oxobutanoic acid, I-methylethyl ester (10.0 g. 36.0
mmole), sodium bicarbonate (8.40 g., 108 mmole) and
2-methylpseudourea hydrogen sulfate (8.06 g., 46.8
mmole) in dimethylformamide (54 ml.) is heated at 60°
(oil bath) under argon for about 60 hours., The resultant
mixture is diluted with water and extracted with ethyl
acetate. The organic phase is washed with water (six
times) and saturated sodium chloride, dried over potas-
sium carbonate, and evaporated. The residue is passed
through a pad of silica gel and crystallized from isopro-
pyl ether/hexanes to give 8.04 g. of 1,4-dihydro-2-
methoxy-6-methyl-4-(3-nitrophenyl)-5-pyrimidinecar-
boxyvlic acid, 1-methylethyl ester as yellow crystals.
TLC (silica gel; ethyl acetate: hexanes, 1:1) Rr=0.45.

b)
3 6-D1hydro-4~methy] 6-(3-nitrophenyl)-2-0x0-1,5(2H)-
pyrimidinedicarboxylic acid, 1-ethyl 5-(1-methylethyl)
ester

- A solution of the ester product from part(a) (1.66 g.,

5.0 mmole) and pyridine (2.02 ml., 25 mmole) in dichlo-
romethane (10 ml.) in an ice bath under argon is treated
via gas-tight syringe with ethyl chloroformate (0.57 ml.,
6.0 mmole). After stirring at 0° for one hour, the reac-
tion mixture is evaporated. The residue is taken up in
tetrahydrofuran/methanol (10 ml. each) and treated
with 5N hydrochloric acid (3.0 ml., pH 1). After stirring
at room temperature for one hour, the reaction is cooled
in an ice bath and quenched with saturated sodium
bicarbonate. After partial evaporation, the remaining
agueous phase 1s diluted with water and extracted with
‘ethyl acetate. The organic phase is washed with satu-
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rated sodium chloride, dried over anhydrous magne-

sium sulfate, and evaporated. The residue is flash chro-
matographed and crystallized from dichlorome-
thane/1sopropyl ether to give 1.403 g. of 3,6-dihydro-4-
methyi-6-(3-nitrophenyl)-2-oxo0-1,5(2H)-
pyrimidinedicarboxylic acid, 1-ethyl 5-(1-methylethyl)
ester as white crystals; m.p. 156°-157°. TLC (silica gel;
ethyl acetate:hexanes, 1:1) R=0.40.

Anal. calc’d. for CigH21N3O7: C, 55.24. H, 541 N,
10.74. Found: C 55.23; H, 5.38: N, 10.68.

EXAMPLE 12

3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-ox0-1,5(2H)-
pyrimidinedicarboxylic acid, bis (1methylethyl) ester

A solution of 1,4-dihydro-2-methoxy-6-methyl-4-(3-
nitrophenyl)-5-pyrimidinecarboxylic acid, 1-
methylethyl ester (1.66 g., 5.0 mmole) and pyridine (2.0
g.» 25 mmole) in distilled dichloromethane (10 ml.) in an
ice bath under argon is treated via gas tight syringe with
isopropyl chloroformate (0.68 ml., 6.0 mmole). After
the addition is completed, the ice bath is removed and
the reaction mixture is stirred at room temperature for 2
hours. The reaction mixture is then evaporated and the
residue 1s taken up in tetrahydrofuran/methanol (10 ml.
each), treated with IN hydrochloric acid, and stirred at
room temperature for 1.5 hours. The reaction is then
quenched with saturated sodium bicarbonate and evap-
orated. The residue is diluted with water and extracted
with ethyl acetate. The organic phase is washed with
saturated sodium chloride, dried over anhydrous mag-
nesium sulfate, and evaporated. The residue is chro-
matographed and crystalhzed from isopropyl ether/di-
chloromethane to give 1.307 g. of 3,6-dihydro-4-meth-
yl-6-(3-nitro-phenyl)-2-0x0-1,5(2H)-pyrimidinedicar-
boxylic acid, bis(1-methylethyl) ester as translucent
colorless crystals; m.p. 143°-144°, TLC (silica gel; ethyl
acetate:hexanes, 1:1) Rp=0.48.

Anal. calc’d. for C19H»3N307: C, 56.29; H, 5.72; N,
10.36. Found: C, 56.46; H, 5.65; N, 10.29.

EXAMPLE 13

3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-0x0-1,5(2H)- -
pyrimidinedicarboxylic acid, 5-(1-methylethyl)
1-(phenylmethyl) ester

Following the procedure of Example 12 but employ-
ing benzyl chloroformate (0.93 ml, 0.65 mmole), one
obtains 1.486 g. of white crystalline 3 ,6-dihydro-4-meth-
yl-6-(3-nitrophenyl)-2-0x0-1,5(2H)-pyrimidinedicar-
boxylic acid, 5-(1-methylethyl)-1-(phenylmethyl) ester;
m.p. 158°-159°. TLC (silica gel; ethy! acetate:hexanes,
1:1) R=0.50. '

Anal calc’d. for C23H23N307: C, 60.92; H, 5.11; N,
9.27. Found: C, 61.00; H, 5.17; N, 9.27.

EXAMPLE 14

6-(2,3-Dichlorophenyl)-3,6-dihydro-4-methyl-2-oxo-

1 5(2H)-pynm1d1nedlcarboxy11c acid, l-cthyl S-methyl
ester

a)
1,4-Dihydro-2-methoxy-6-methyl-4-(2,3-dichloro-
phenyl)-5-pyrimidinecarboxylic acid, methyl ester

A mixture of 2-[(2,3-dichlorophenyl)methylene]-3-
oxobutanoic acid, methyl ester (5.0 g., 18.3 mmole),
2-methylpseudourea hydrogen sulfate (4.10 g., 23.8
mmole) and sodium bicarbonate (4.61 g., 54.9 mmole) in
dimethylformamide (27 ml.) is stirred overnight under
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argon at room temperature. The mixture is then heated
at 60° (o1l bath) for § hours. The resulting mixture is
-partitioned between ethyl acetate and water. The or-
ganic phase is washed with water (ten times) and satu-
rated sodium chloride, dried over potassium carbonate,
and evaporated to give 7.28 g. of 1,4-dihydro-2-
methoxy-6-methyl-4-(2,3-dichlorophenyl)-5-
pyrimidinecarboxylic acid, methyl ester as a light
brown oil. TLC (silica gel; ethyl acetate: hexanes, 1:1)
maJlor spot at R/=0.56.

b)
6-(2,3-Dichlorophenyl)-3,6-dihydro-4-methyl-2-0x0-
1,5(2ZH)-pyrimidinedicarboxylic acid, 1-ethyl S5-methyl
ester

A solution of the methyl ester product from part (a)
(1.80 g., 4.53 mmole) and pyndine (2.21 ml.,, 27.35
mmole) in dichloromethane (11 ml.) in an ice bath under
argon is treated via gas tight syringe with ethyl chloro-
formate. After stirring at 0° for 15 minutes, the ice bath
is removed and the reaction is stirred at room tempera-
ture for 1.5 hours. The mixture is then evaporated and
the residue is taken up in tetrahydrofuran/methanol (10
ml. each). The resulting solution 1s treated with 5N
hydrochloric acid (60 ml.,, pH 2) and stirred at room
temperature 1.5 hours. The reaction is then evaporated
and partitioned between saturated sodium bicarbonate
and ethyl acetate. The organic phase i1s washed with
saturated sodium chloride, dried over anhydrous mag-
nesium sulfate, and crystallized from dichlorome-
thane/isopropyl ether to give 1.291 g. of 6-(2,3-
dichlorophenyl)-3,6-dihydro-4-methyl-2- oxo-1,5(2H)-
pyrimidinedicarboxylic acid, 1-ethyl 5-methyl ester as
shiny white crystals; m.p. 159°-160°. TLC (silica gel;
ethyl acetate: hexanes, 2:1) R/=0.48.

Anal. calc’d. for CigH16N20sCla: C, 49.63; H, 4.16:
N, 7.24; Cl, 18.31. Found: C, 49.71; H, 4.15; N, 7.15; C],
18.31.

EXAMPLE 15

6-(2,3-Dichlorophenyl)-3,6-dihydro-4-methyl-2-ox0-
1,5(2H)-pyrimidinedicarboxylic acid, S-ethyl 1-methyl
ester

A solution of 1,4-dihydro-2-methoxy-6-methyl-4-(2,3-
dichiorophenyl)-5-pyrimidinecarboxylic acid, ethyl
ester (1.47 g., 4.28 mmole) and distilled pyridine (1.7
ml., 21 mmole) in dry dichloromethane (16 ml.) in an ice
bath under argon is treated via gas tight syringe with
methyl chloroformate (0.40 ml., 5.14 mmole). After
stirring for one hour at 0°, the reaction mixture is evapo-
rated. The residue is taken up in tetrahydrofuran/me-
thanol (10 ml. each) and treated wtih SN hydrochloric
acid (3.0 ml.). After stirring at room temperature for
one hour, the reaction is cooled in an ice bath and
quenched with sodium bicarbonate. After partial evapo-
ration, the aqueous phase i1s diluted with water and
extracted with chloroform. The organic phase is
washed with saturated sodium chloride, dried over
anhydrous magnesium sulfate, and evaporated. The
residue is flash chromatographed and crystallized from
isopropyl ether/dichloromethane to give 668 mg. of
white crystalline 6-(2,3-dichlorophenyl)-3,6-dihydro-4-
methyl-2-0x0-1,5(2H)-pyrimidinedicarboxylic acid, 5-
ethyl 1-methyl ester; m.p. 197°-205°. TLC (silica gel;
ethyl acetate: hexanes, 1:1) R=0.20.
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Anal. calc’d. for CigH16N205Cla: C, 49.63; H, 4.16;
N, 7.23; Cl, 18.31. Found: C, 49.35; H, 4.16; N, 7.27; Cl,
18.51.

EXAMPLE 16

6-(2,3-Dichlorophenyl)-3,6-dihydro-4-methyl-2-0xo0-
- 1,5(2H)-pyrimidinedicarboxylic acid, 5-ethyl
1-(1-methylethyl) ester

Following the procedure of Example 15 but employ-
ing 1sopropyl chloroformate (0.58 ml., 5.10 mmole) one
obtains 1.219 g., (69%) of white crystalline 6-(2,3-
dichlorophenyl)-3,6-dihydro-4-methyl-2-oxo-1,5(2H)-
pyrimidinedicarboxylic acid, 5-ethyl 1-(1-methylethyl)
ester; m.p. 139°-140°. TLC (silica gel; ethyl acetate:hex-
anes, 1:1) Rr=0.34.

Anal. calc’d. for CigHy0N205Cls: C, 52.06; H, 4.85;
N, 6.74; Cl, 17.07. Found: C, 51.91; H, 4.66; N, 6.73; Cl,
16.80.

EXAMPLE 17

6-(2,3-Dichlorophenyl)-3,6-dihydro-4-methyl-2-0x0-
1,5(2H)-pyrimidinedicarboxylic acid, 1-methyl
5-(1-methylethyl) ester

a)
1,4-Dihydro-2-methoxy-6-methyl-4-(2,3-dichloro-
phenyl)-5-pyrimidinecarboxylic acid, 1-methylethyl
ester

A solution of 2-[(2,3-dichlorophenyl)methylene]-3-
oxobutanoic acid, l-methylethyl ester (6.0 g., 20.0
mmole) in dry dimethylformamide (20 ml.) is treated
with 2-methylpseudourea hydrogen sulfate (4.3 g., 25.0

mmole) and sodium bicarbonate (6.3 g., 75.0 mmole).

The reaction mixture is heated at 65° for 48 hours. It is
then allowed to cool to room temperature and is diluted
with ethyl acetate. The solid is filtered off and the fil-
trate is washed with water and brine, dried over anhy-
drous magnesium sulfate, and evaporated. The residue
1s triturated with isopropyl ether to give 3.79 g. of light
yellow solid 1,4-dihydro-2-methoxy-6-methyl-4-(2,3-
dichlorophenyl)-5-pyrimidinecarboxylic  acid, 1-
methylethyl ester; m.p. 139°-141°. Concentration of the
mother liquor and trituration with isopropyl ether pro-
vides a second crop (0.87 g.).

b)
6-(2,3-Dichlorophenyl)-3,6-dihydro-4-methyl-2-oxo-
1,5(2H)-pyrimidinedicarboxylic acid, l-mcthyl
5-(1-methylethyl) ester

A solution of the l-methylethyl ester product from
part(a) (10 g., 2.8 mmole) in dry dichloromethane (10
ml.) and pyridine (0.70 ml., 8.40 mmole) under argon is
cooled to 0° and treated dropwise with methyl chloro-
formate (0.28 ml., 3.6 mmole). After the addition is
completed, the reaction is allowed to warm to room
temperature and stirred for 2 hours. The solvent is evap-
orated and the residue is dissolved in methanol (12 ml.).
It is then treated with IN hydrochloric acid (4.0 ml.)
and stirred for one hour. Most of the methanol is evapo-
rated and the residue is partltmned between ethyl ace-
tate and water. The organic extract is washed with
brine and dried over anhydrous magnesium sulfate.
Evaporation of the solvent gives a colorless residue
which is recrystallized from dichloromethane/isopro-
pyl ether to give 745 mg. of 6-(2,3-dichlorophenyl)-3,6-
dihydro-4-methyl-2-oxo-1,5(2H)-pyrimidinedicarboxy-
lic acid, 1-methyl S5-(I1-methylethyl) ester; m.p.
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208°-210°. TLC (silica gel; acetone:hexanes, 40:60)
Rs=0.40. |
~Anal. calc’d. for C17H;sChN2Os: C, 51.01; H, 4.28;
N, 7.00; Cl, 17.72. Found: C, 51.11; H, 4.48; N, 6.98; ClI,
17.73. |

EXAMPLE 18

6-(2,3-Dichlorophenyl)-3,6-dihydro-4-methyl-2-o0x0-
1,5(2H)-pyrimidinedicarboxylic acid, dimethyl ester

A solution of 1,4-dihydro-2-methoxy-6-methyl-4-(2,3-
dichlorophenyl)-5-pyrimidinecarboxylic acid, methyl
ester (1.56 g., 4.73 mmole) and pyridine (2.2 ml., 27
mmole) in dichloromethane (10 ml.) in an ice bath under
argon is treated via gas tight syringe with methyl chlo-
roformate (0.44 ml., 5.68 mmole). After stirring at 0° for
one hour, the reaction mixture is evaporated. The resi-
due 1s taken up in tetrahydrofuran/methanol (25 ml.
each) and treated with SN hydrochloric acid (40 ml,,
pH 1). After stirring at room temperature for one hour,
the reaction is cooled in an ice bath and quenched with
sodium bicarbonate. After partial evaporation, the re-
maining aqueous phase i1s diluted with water and ex-
tracted with ethyl acetate. The organic phase is washed
with saturated sodium chloride, dried over anhydrous
magnesium sulfate, and evaporated. The residue is flash

- chromatographed and crystallized from ethyl acetate/-

hexanes to give 1.105 g. of 6-(2,3-dichloro-phenyl)-3,6-
dihydro-4-methyl-2-0x0-1,5(2H)pyrimidinedicarboxy-
lic acid, dimethyl ester as light, fluffy white crystals;
m.p. 235°-236". TLC (silica gel; ethyl acetate:hexanes,
2:1) Ry=0.37.

Anal. calc’d. for CisH14CIoN2Os: C, 48.28; H, 3.78;
N, 7.51; Cl, 19.00. Found: C, 48.28; H, 3.79; N, 7.47; Cl,
18.95.

EXAMPLE 19

6-(2,3-Dichlorophenyl)-3,6-dihydro-4-methyl-2-o0xo-
1,52H)-pyrimidinedicarboxylic acid, 5-methyl
- 1-(1-methylethyl) ester

Following the procedure of Example 18 but employ-
ing 1sopropyl chloroformate (0.62 ml., 5.44 mmole), one
obtains 1.065 g., (59%) of 6-(2,3-dichlorophenyl)-3,6-
dihydro-4-methyl-2-0x0-1,5(2H)-pyrimidinedicarboxy-
lic acid, 5-methyl] 1-(1-methylethyl) ester as white crys-
tals; m.p. 162°-163°. TLC (silica gel; ethyl acetate: hex-
anes, 2:1) Ry=0.56.

Anal. calc’d. for C17H13CI2N20Os: C, 50.89; H, 4.52;
N, 6.98; Cl, 17.67. Found: C, 51.08; H, 4.49; N, 7.01; Cl.
17.56.

EXAMPLE 20

6-(2,3-Dichlorophenyl)-3,6-dihydro-4-methyl-2-oxo-
1,5Q2H)-pyrimidinedicarboxylic acid, 1-ethyl
5-(1-methylethyl)ester

A solution of 1,4-dihydro-2-methoxy-6-methyl-4-(2,3-
dichlorophenyl)-5-pyrimidinecarboxylic  acid, 1-
methylethyl ester (1.2 g., 3.37 mmole) and pyridine (1.0
ml.) in dichloromethane (10 ml.) under argon is cooled
to 0° and treated dropwise with ethyl chloroformate
(0.4 ml., 4.04 mmole). After the addition 1s completed,
the cooling bath is removed and the reaction is allowed
to stir at room temperature for one hour. The solvent is
then stripped off to provide a colorless solid. This crude
material 1s dissolved in methanol (12 ml.) and treated
with 2N hydrochloric acid (3 ml.). The reaction is al-
lowed to stir at room temperature overnight precipitat-
ing a colorless solid. The solvent is evaporated and the
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residue is dissolved in ethyl acetate. The resulting solu-
tion is washed with water, sodium bicarbonate solution,
and brine. After drying over anhydrous magnesium
sulfate, the solvent is stripped off and the residue is
triturated with isopopyl ether to give 1.12 g. of colorless
solid. Recrystallization from dichloromethane—isopro-
pyl ether gives 6-(2,3-dichlorophenyl)-3,6-dihydro-4-
methyl-2-0xo0-1,5(2H)-pyrimidinedicarboxylic acid, I-
ethyl 5-(1-methylethyl) ester as a colorless solid; m.p.
173°-175°. TLC (silica gel; ethyl acetate: hexanes,
60:40) R ~=0.30.

Anal. calc’d. for C1sH20ClN20s: C, 52.06; H, 4.85;
N, 6,74; Cl, 17.07. Found: C, 52.07; H, 4.61; N, 6.49, Cl,

17.07.

EXAMPLE 21

6-(2,3-Dichlor0phcnyl)-3,_6—dihydro—4—methyl—2—oxo—
1,5(2H)-pyrimidinedicarboxylic acid, bis
(1-methylethyl) ester

Following the procedure of Example 20 but employ-
ing isopropy! chloroformate (0.47 ml., 4.04 mmole), one
obtains 1.19 g. (82.6%) of 6-(2,3-dichlorophenyl)-3,6-
dihydro-4-methyl-2-oxo-1,5(2H)-pyrimidinedicarboxy-
lic acid, bis (1-methylethyl) ester as a colorless solid;
m.p. 158°-160°. TLC (silica gel; ethyl acetate: hexanes,
60:40) R =0.40.

Anal. calc’d. for Cj9H2,CI;N2Os: C, 53.15; H, 5.17:
N, 6.52; Cl, 16.52. Found: C, 53.46; H, 5.21; N, 6.24: Cl,
16.27. B

EXAMPLE 22

6-(2,3-Dichlorophenyl)-3,6-dihydro-4-methyl-2-oxo-
1,5(2H)-pyrimidinedicarboxylic acid, S-ethyl
1-(phenylmethyl) ester

A solution of 1,4-dihydro-2-methoxy-6-methyl-4-(2,3-
dichlorophenyl)-5-pyrimidinecarboxylic acid, ethyl
ester (1.25 g., 3.64 mmole) and pyridine (2.0 ml., 25
mmole), in distilied dichloromethane (7.0 ml.) in an ice
bath under argon is treated via gas tight syringe with
benzyl chloroformate (0.78 ml., 5.46 mmole). The ice
bath 1s removed and the reaction is stirred at room
temperature for 2 hours. It is then evaporated, taken up

1n tetrahydrofuran/methanol (10 ml. each), and treated

with IN hydrochloric acid (8 ml., pH 1). After stirring
at room temperature for one hour, the reaction is
quenched with saturated sodium bicarbonate and evap-
orated. The residue is partitioned between ethyl acetate
and water. The organic phase is washed with saturated
sodium chloride and evaporated. Flash chromatogra-
phy and crystallization from isopropyl ether/di-
chloromethane gives 1.007 g. of 6-(2,3-dichlorophenyl)-
3,6-dihydro-4-methyl-2-0x0-1,5(2H)-pyrimidinedicar-
boxylic acid, 5-ethyl 1{(phenylmethyl) ester as white
crystals; m.p. 160°-161°. TLC (silica gel; ethyl acetate:-
hexanes, 1:1) R/=0.44.

Anal. calc’d. for C2oH20CI2N,0s5: C, 57.03; H, 4.35;
N, 6.05; Cl, 15.30. Found: C, 56.86; H, 4.32; N, 5.98: CI,
15.41. |
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EXAMPLE 23

6-(2-Chloro-3-nitrophenyl)-3,6-dihydro-4-methyl-2-
oxo-1,5(2H)-pyrimidinedicarboxylic acid, 5-ethyl
1-(1-methylethyl) ester

a)
2-[(2-Chloro-3-nitrophenyl)methylene]-3-oxobutanoic
acid, ethyl ester

A solution of 2-chloro-3-nitrobenzaldehyde (2.00 g.,
10.8 mmole), ethyl acetoacetate (1.37 ml., 10.78 mmole),
piperidine (0.25 ml.) and acetic acid (0.5 ml.) in benzene
(21 ml.) under argon is fitted with a Dean-Stark trap and
heated at 110° (o1l bath) for 3 hours. The reaction is

3

10

diluted with ether and washed with saturated sodium 15

bicarbonate, 1IN hydrochloric acid, and saturated so-
dium chloride, dried over anhydrous magnesium sul-
fate, and evaporated to give 2-[(2-chloro-3-nitro-
phenyl)methylene]-3-oxobutanoic acid, ethyl ester as a
red oil (342 g.). TLC (silica gel; ether/hexanes)
R=0.31 and 0.43.

b) 1
4-Dihydro-2-methoxy-6-methyl-4-(2-chloro-3-nitro-
phenyl]-5-pyrimidinecarboxylic acid, ethyl ester

A mixture of 2-[(2-chloro-3-nitrophenyl)methylene]-
3-oxobutanoic acid, ethyl ester (10.8 mmole), 2-
methylpseudourea hydrogen sulfate (2.42 g., 14.0
mmole), and sodium bicarbonate (2.72 g., 32.4 mmole)
in dimethyformamide (16 ml.) is heated at 60° (oil bath)
overnight under argon. The mixture 1s diluted with
water and extracted with ethyl acetate. The organic
phase is washed with water (7 times) and saturated
sodium chloride, dried over potassium carbonate, and
evaporated to give 4.10 g. of 1,4-dihydro-2-methoxy-6-
methyl-4-(2-chloro-3-nitrophenyl)-3-pyrimidinecar-
boxylic acid, ethyl ester as a red oil. TLC (stlica gel;
ethyl acetate:hexanes, 2:1) major spot at R=0.76.

c)
6-(2-Chloro-3-nitrophenyl)-3,6-dihydro-4-methyl-2-
oxo-1,5(2H)-pyrimidinedicarboxylic acid, 5-ethyl
1-(1-methylethyl) ester

A solution of the ethyl ester product from part(b)
(1.72 g., 4.8 mmole) and pyridine (2.1 ml., 26.0 mmole)
in dichioromethane (16 ml.) in an ice bath under argon
is treated dropwise via gas tight syringe with isopropyl
chloroformate (0.77 ml., 6.77 mmole). After 15 minutes
at 0°, the ice bath is removed and the reaction 1s stirred
at ambient temperature for 2 hours. The mixture is then
concentrated. The residue is taken up in tetrahy-
drofuran/methanol (about 10 ml. each) and the result-
ing solution is treated with SN hydrochloric acid (5.0
ml., pH 2) and stirred at room temperature for one hour.
The reaction is then evaporated and partitioned be-
tween sodium bicarbonate and ethyl acetate. The or-
ganic phase is washed with saturated sodium chlonde,
dried over anhydrous magnesium sulfate, chromato-
graphed, and crystallized from dichloromethane/iso-
propyl ether to give the product as off-white crystals
(greater than 1.1 g.). These solids are recrystallized
from ethyl acetate/isopropanol to give 826 mg. of 6-(2-
chloro-3-nitrophenyl)-3,6-dihydro-4-methyl-2-o0xo-
1,5(2H)-pyrimidinedicarboxylic acid, J5-ethyl 1-(1-
methylethyl) ester as sharp white needles; m.p.
194°-195°. TLC (silica gel; 20% ethyl acetate/hexanes)
R =0.36.
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28
Anal. calc’d. for CisH2oN307Cl: C, 50.77; H, 4.73; N,
9.87; Cl, 8.32. Found: C, 51.13; H, 5.11: N, 9.48; Cl, 8.10.

EXAMPLE 24

6-(2-Chloro-3-nitrophenyl)-3,6-dihydro-4-methyl-2-
ox0-1,5(2H)-pyrimidinedicarboxylic acid, diethyl ester

Following the procedure of Example 23 but employ-
ing ethyl chloroformate (0.68 ml., 7.07 mmole), one
obtains 949 mg. (45%) of 6-(2-chloro-3-nitrophenyl)-
3,6-dihydro-4-methyl-2-ox0-1,5(2H)-pyrimidinedicar-
boxylic acid, diethyl ester as white powdery crystals;
m.p. 176°-178°. TLC (silica gel; 20% ethyl acetate/hex-
anes) Rr=0.36.

Anal. calc’d. for Ci17H18N307Cl: C, 49.58; H, 4.41; N,
10.20; Cl, 8.61. Found: C, 49.71; H, 4.38; N, 10.27; Cl,
8.55.

EXAMPLE 25

3,6-Dihydro-4-methyl-6-[2-(methylthio)-3-pyridinyl]-2-
oxo-1,5(2H)-pyrimidinedicarboxylic acid, 1-ethyl
5-(1-methylethyl) ester

a)
2-[[2-(Methylthio}-3-pyridinyljmethylene]-3-
oxobutanoic acid, 1-methylethyl ester

A mixture of 2-methylthiopyridine-3-carbaldehyde
(0.82 g., 5.3 mmole) [prepared according to the proce-
dure of Christensen et al.,, Synthesis, 1980, pages

30 ‘_105—407]and 1sopropyl acetoacetate (0.77 g., 5.3 mmole)
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in dichloromethane (20 ml.) is treated with acetic acid
(4 drops), piperidine (6 drops) and anhydrous magne-
sium sulfate (1.5 g.). The mixture is stirred at room
temperature for 65 hours. The solution is filtered,
stripped 1n vacuo, and the residue is dissolved in ethyl
acetate and washed with sodium bicarbonate, water,
and saturated brine. The aqueous washes are back ex-
tracted with fresh ethyl acetate. The combined organic
solutions are dried over anhydrous magnesium sulfate
and concentrated in vacuo to give 1.4 g. of amber oil.
Flash chromatography and elution with ethyl acetate:-
hexanes (1:4) gives 1.25 g. of 2-[[2-(methylthio)-3-
pyridinyljmethylene]-3-oxobutanoic acid, 1-
methylethyl ester as an oil. TL.C (silica gel; ethyl aceta-
te:hexanes, 1:1) R=0.56, 0.61.

Anal. calc’d. for CjsH17NOsS: C, 60.19; H, 6.14: N,
5.02; S, 11.48. Found: C, 59.54; H, 6.00; N, 4.95; S,
11.34.

b)
1,4-Dihydro-2-methoxy-6-methyl-4-[2-(methylthio)-3-
pyridinyl]-5-pyrimidinecarboxylic acid, 1-methylethyl
ester

A mixture of 2-[[2-(methylthio)-3-pyridinyl}me-
thylene]-3-oxobutanoic acid, 1-methylethyl ester (1.25
g.. 4.5 mmole) and 2-methylpseudourea hydrogen sul-
fate (1.01 g., 5.87 mmole) in dry dimethylformamide (7
ml.) under argon is treated with sodium bicarbonate
(1.13 g., 13.5 mmole) and warmed at 60° overnight. The
crude reaction mixture is diluted with ethyl acetate and
washed with sodium bicarbonate, water (twice), and
saturated brine. The aqueous washes are back extracted
with fresh ethyl acetate. The combined organic extracts
are dried over anhydrous magnesium sulfate and con-
centrated in vacuo to give 1.71 g. of crude product.
Flash chromatography and elution with ethyl acetate:-
hexanes (1:2) gives 800 mg. of 1,4-dihydro2-methoxy-6-
methyl-4-[2-(methylthio)-3-pyridinyl]-5-pyrimidinecar-
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boxylic acid, 1-methylethyl ester as an oil. TLC (silica
gel, ethyl acetate:hexanes, 1:1) R=0.37.

Anal. calc’d. for Ci6H2;N303S: C, 57.29; H, 6.31: N,
12.53; S, 9.56. Found: C, 54.41; H, 5.96; N 1142 S,
8.81.

c)
3,6-Dihydro-4-methyl-6-[2-(methylthio)-3-pyridinyl]}-2-
oxo-1,5(2H}-pyrimidinedicarboxylic acid, 1-ethyl

- 5-(1-methylethyl)ester

The 1-methylethyl ester product from part (b) (800
mg., 2.36 mmole) in dry dichloromethane (10 ml.) under
argon at 0°-5° is treated with pyridine (0.93 ml., 0.93 g.,
11.8 mmole) and then with ethyl chloroforrnate (0.30
ml., 0.33 g., 3.06 mmole) over a 10-15 minute period.
Aftcr stirring for 2 hours at 0°-5°, the mixture is diluted
with ethyl acetate and washed with sodium bicarbon-
ate, water (twice), and saturated brine. The aqueous
fractions are back extracted with ethyl acetate. The
combined organic fractions are dried over anhydrous
magnesium sulfate and concentrated in vacuo to give
860 mg. of an amorphous solid. This material (860 mg.,
2.1 mmole) 1s taken up in methanol/tetrahydrofuran (15
ml. each) and is warmed to achieve solution. The solu-
tion is then cooled in an ice bath and treated with 2N
hydrochloric acid to a pH of about 2. The mixture is
stirred overnight at room temperature and then concen-
trated in vacuo. The residue is taken up in ethyl acetate
and washed with sodium bicarbonate, water, and satu-
rated brine. The aqueous fractions are back extracted
with fresh ethyl acetate. The combined organic frac-
tions are dried over anhydrous magnesium sulfate and
- concentrated in vacuo to give 830 mg. of crude product.
Trituration with isopropyl ether/hexane followed by
crystallization from dichloromethane/hexane gives 520
mg. of 3,6-dihydro-4-methyl-6-[2-(methylthio)-3-
pyridinyl]-2-oxo-1,5(ZH)-pyrimidinedicarboxylic acid,
l-ethyl 5-(1-methylethyl) ester; m.p. 142°-145°. TLC
(stlica gel; ethyl acetate:hexanes, 1:1) R=0.55.

Anal. calc’d. for CigH23N305S: C, 54.94; H, 5.89; N,
10.68; S, 8.15. Found: C, 54.56; H, 5.87; N, 10.56; S,
8.08.

EXAMPLE 26

3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-oxo-1,5(2H)-
pyrimidinedicarboxylic acid, 1-ethyl ester

A solution of 3,6-dihydro-4-methyl-6-(3-nitro-
phenyl)-2-0x0-1,5(2H)-pyrimidinedicarboxylic  acid,
1-ethyl 5-(1,1-dimethylethyl) ester (1.5 g., 3.70 mmole)
[prepared as set forth in Example 6] in dichloromethane
(10 ml.) at room temperature under argon is treated
with trifluoroacetic acid (3.0 ml.). After stirring for 3
hours, the reaction mixture is evaporated. The residue is
triturated with ether to give an off-white solid (1.2 g.).
This solid 1s dissolved in 5% methanol/dichlorome-
thane, diluted with isopropyl ether (45 ml.), and gently
boiled to remove the dichloromethane. After cooling to
room temperature, the solids which precipitate are vac-
uwum dried at 70° (o1l bath) to give 1.057 g. of 3,6-dihy-
dro-4-methyl-6-(3-nitrophenyl)-2-oxo0-1,5(2H)- -
pyrimidinedicarboxylic acid, l-ethyl ester as white
crystals; m.p. sinters at 120°-130°. TLC (silica gel; 2%
methanol/ethyl acetate) Rr=0.67.

"Anal. calc’d. for CisH15sN3O7: C, 51.58; H, 4.33; N,
12.03. Found: C, 51.32; H, 4.47; N, 11.70.
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EXAMPLE 27

3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-oxo-1,5(2H)-
pyrimidinedicarboxylic acid, 5-ethyl
1-[2-[methyl(phenylmethyl)amino]ethyl]ester,
monohydrochloride

- a)
2-Methoxy-4-methyl -6-(3-nitrophenyl)-1,5(6H)-
pyrimidinedicarboxylic acid, 5-ethyl
1-[2-[methyl(phenylmethyl)aminolethyl]ester

A solution of 1,4-dihydro-2-methoxy-6-methyl-4-(3-
nitrophenyl)-5-pyrimidinecarboxylic acid, ethyl ester
(1.60 g., 5.0 mmole) and dry triethylamine (2.70 ml., 20
mmole) in dry dichloromethane (10 ml.) in an ice bath
under argon is treated dropwise via gas tight syringe
with a 1.3M solution of phosgene in benzene (5.0 ml.,
6.5 mmole). After stirring at 0° for 3 hours, more phos-
gene solution (1.0 ml., 1.3 mmole) is added and the
reaction is stirred an additional 30 minutes. While still at
0°, N-benzyl-N-methyl ethanolamine (1.22 ml., 7.5
mmole) is added via gas tight syringe. The reaction is
then stirred at room temperature for 9 hours. The reac-
tion 1s partitioned between ethyl acetate and saturated

sodium bicarbonate. The organic phase is washed with

saturated sodium chloride, dried over potassium car-
bonate, and evaporated. The resultant yellow oil is
purified via flash chromatography (25% acetone/hex-
ane plus a small amount of triethylamine) to give 3.2 g.
of ‘2-methoxy-4-methyl-6-(3-nitrophenyl)-1,5(6H)-
pyrimidinedicarboxylic acid, 5-ethyl 1-[2-methyl(-
phenylmethyl)amino]ethyljester. TLC (30% acetone/-
hexane) major spot at Rr=0.31.

b)
3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-o0xo0-1,5(2H)-
pyrimidinedicarboxylic acid, 5-ethyl
1-[2-[methyl(phenylmethyl)amino]ethyl]ester,
monohydrochloride

The crude ester product from part (a) (3.2 g., 5.0
mmole) is taken up in tetrahydrofuran/methanol (20 ml.
each), treated with 5N hydrochloric acid (3.0 ml.,, pH
1), and stirred overnight at room temperature. The
mixture is then partitioned between ethyl acetate and
saturated sodium bicarbonate. The organic phase is
washed with saturated sodium chloride, dried over
anhydrous magnesium sulfate, and evaporated. The free
base is regenerated, flash chromatographed (25% aceto-
ne/hexanes), taken up in ethanol, and treated with
methanolic hydrochloric acid. The precipitated solids
are filtered and dried to give 847 mg. of 3,6—dihydro-4—
methyl-6-(3-nitrophenyl)2-ox0-1,5(2H)- |
pyrimidinedicarboxylic acid, 5-ethyl 1-[2-[methyl(-
phenylmethyl)aminoethyl]ester, monohydrochloride as
white crystals; m.p. 189°-191°. A second crop of 285
mg. is obtained from the mother liquor. TLC (silica gel:
40% acetone/hexanes) R/=0.28. (silica gel: di-
chloromethane:methanol:acetic acid, 15:1:1) R/=0.18.

Anal. calc’d. for CasH28N4O7. HCI: C, 56.33; H, 5.48:
N, 10.51; Cl, 6.65. Found: C, 56.13; H, 5.66; N, 10.24: C,
6.70.
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EXAMPLE 28

3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-oxo-1,5(2H)-
pyrimidinedicarboxylic acid, 5-(1-methylethyl)
1-[2-[methyl(phenylmethyl)amino]ethyl]ester,
monohydrochloride

a)
2-Methoxy-4-methyl-6-(3-nitrophenyl)-1,5(6H)-
pyrimidinedicarboxylic acid, 5-(1-methylethyl)

1-[2-methyl(phenylmethyl)amino]ethyl]ester

A solution of 1,4-dihydro-2-methoxy-6-methyi-4-(3-
nitrophenyl)-5-pyrimidinecarboxylic acid, - 1I-
methylethyl ester (2.00 g., 6.0 mmole) and triethylamine
(3.34 ml., 24.0 mmole) in dichloromethane (24 ml.) in an
ice bath under argon is treated via gas tight syringe with
a 1.3M solution of phosgene in benzene (6.0 ml., 7.8
mmole). After stirring at 0° for 2 hours, the reaction is
treated with N-benzyl-N-methyl ethanolamine (1.46
ml., 9.0 mmole) and stirred at room temperature over-
mght. The reaction is then diluted with water and ex-
tracted with dichloromethane. The organic phase is
washed with saturated sodium chloride and evaporated.
Flash chromatography of the residue gives 4.09 g. of
2-methoxy-4-methyl-6-(3-nitrophenyl)-1,5(6H)-
pyrimidinedicarboxylic acid, 5-(1-methylethyl) 1-[2-
[methyl(phenylmethyl)aminolethyllester as a yellow
oil. TLC (silica gel; 30% acetone/hexanes) major spot
at Rr=0.39.

b)
3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-ox0-1,5(2H)-
pyrimidinedicarboxylic acid, 5-(1-methylethyl)
1-[2-[methyl(phenylmethyl)amino]ethyl]ester,
monohydrochlonde

A solution of the crude ester product from part (a)
(4.09 g., 5.94 mmole) in tetrahydrofuran/methanol (20
ml. each) is treated with SN hydrochloric acid (4.0 ml.,
pH 1). After stirring at room temperature for 4 hours,
the reaction mixture is evaporated, diluted with water,
and extracted with ethyl acetate. The organic phase is
washed with saturated sodium bicarbonate and satu-
rated sodium chloride, dried over anhydrous magne-
sium sulfate, and evaporated to give a yellow oil. This
residue is taken up in ether, treated with 1.2N methano-
lic hydrochloric acid (6.0 ml.), capped, and allowed to
stand at room temperature for one hour. The mixture is
evaporated and crystallized from ethanol. Two addi-
tional crops also crystallize. All three are combined and
triturated with ether to give 1.220 g. of 3,6-dihydro-4-
methyl-6-(3-nitrophenyl)-2-0x0-1,5(2H)-
pyrimidinedicarboxylic acid, 5-(1-methylethyl) 1-[2-
[methyl(phenylmethyl)amino]ethyl]ester, monohydro-
chloride; m.p. 183°-185°. TLC(silica gel; 109% me-
thanol/dichloromethane) R =0.44.

Anal. calc’d. for C26H3oN4O7. HCL: C, 57.09; H, 5.71;
N, 10.24; Cl, 6.48. Found: C, 57.20; H, 5.74; N, 10.32; Cl,
6.27.
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EXAMPLE 29

6-(2,3-Dichlorophenyl)-3,6-dihydro-4-methyl-2-0xo-
1,512H]-pyrimidinedicarboxylic acid, 5-ethyl
1-[2-[methyl(phenylmethyl)amino]ethyl]ester,
- monooxalate salt

~ a)
6-(2,3-Dichlorophenyl)-2-methoxy-4-methyl-1,5(6H)-
pyrimidinedicarboxylic acid, 5-ethyl
1-[2-[methyl(phenylmethyl)amino]ethyl]ester

A solution of 1,4-dihydro-2-methoxy-6-methyl-4-(2,3-
dichlorophenyl)-5-pyrimidinecarboxylic acid, ethyl
ester (4.09 g., 9.90 mmole) and dry triethylamine (5.58
ml., 40.0 mmole) in dichloromethane (40 ml.) in an ice
bath under argon is treated via gas tight syringe with a

.1.3M solution of phosgene in benzene (9.9 ml., 12.9

mmole) and stirred at 0° for 2 hours. The resulting mix-
ture 1s then treated with N-benzyl-N-methyl ethanol-
amine (2.4 ml., 14.8 mmole) and stirred at room temper-
ature overnight. The reaction is then partitioned be-
tween ethyl acetate and saturated sodium bicarbonate.
The organic phase is washed with saturated sodium
chlonde, dried over potassium carbonate, and evapo-
rated. The residue is flash chromatographed to give
1.09 g. of 6-(2,3-dichlorophenyl)-2-methoxy-4-methyl-
1,5(6H)-pyrimidinedicarboxylic acid, 5-ethyl 1-[2-[me-
thyl(phenylmethyl)amino]ethyllester as a clear oil.
TLC (silica gel; 15% ethyl acetate/dichloromethane)
Rr=0.39.

b)
6-(2,3-Dichlorophenyl)-3,6-dihydro-4-methyl-2-0xo-
1,5(2H)-pyrimidinedicarboxylic acid, 5-ethyl
1-[2-[methyl(phenylmethyl)amino]lethyl]ester,
monooxalate salt

A solution of the ester product from part (a) (1.09 2.,
2.04 mmole) in tetrahydrofuran/methanol (20 ml. each)
1s treated with 5N hydrochloric acid (5.0 ml.) and
stirred at room temperature for 3 hours. The reaction is
quenched with saturated sodium bicarbonate and ex-
tracted with ethyl acetate. The organic phase is washed
with saturated sodium chloride, dried over anhydrous
magnestum sulfate, and evaporated. The free base (1.55
g., 3.17 mmole) is taken up in isopropanol (31 ml.) and
treated with oxalic acid (349 mg., 3.49 mmole). After
unsuccessful attempts to crystalize from isopropanol,
the desired oxalic salt (1.0 g.) is crystallized from
acetonitrile/isopropyl ether. A second crop (130 mg.)
crystallizes from the mother liquor. The two crops are
combined and recrystallized from acetonitrile/isopro-
pyl ether to give 992 mg. of the desired monooxalate
salt. Recrystallization from ethyl acetate/methanol
(trace) gives 420 mg. of white crystals. A second crop
of about 400 mg. precipitates from the mother liquor
after rinsing the first crop with ether. These two crops
are combined and triturated with ether to give 760 mg.
of 6-(2,3-dichlorophenyl)-3,6-dihydro-4-methyl-2-oxo-
1,5(2H)-pyrimidinedicarboxylic acid, 5-ethyl 1-[2-[me-
thyl(phenylmethyl)amino]ethyl]ester as white crystals;
m.p. gradual 105°-155°. TLC(silica gel: 10% me-
thanol/dichloromethane) Rs=0.51.

Anal calc’d. for CasH27CIoN305.CoH204: C, 53.12;
H, 4.79; N, 6.88; Cl, 11.61. Found: C, 52.98: H, 4.69; N,
6.93; Cl, 11.61.
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EXAMPLE 30

3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-0x0-1,5(2H)-
pyrimidinedicarboxylic acid, 1-(1-methylethyl)
5-[2-[methyl(phenylmethyl)amino]ethyl]ester,
monohydrochloride

a)
1,4-Dihydro-2-methoxy-6-methyl-4-(3-nitrophenyl)-5-
pyrimidinecarboxylic acid,
2-[methyl(phenylmethyl)aminojethyl ester

A solution of 2-[(3-nitrophenyl)carboxylic me-
thylene]-3-oxobutanoic acid, 2-[methyl(phenylmethyl-
)amino]ethyl ester (5.0 g., 10.6 mmole) in dimethylform-
amide (10 ml.) is treated with 2-methylpseudourea hy-
drogen sulfate (2.37 g., 13.78 mmole) and sodium bicar-
bonate (6.0 g., 71.4 mmole). The reaction is allowed to
stir at room temperature for one hour and then heated at
70° for 16 hours. After cooling to room temperature, it
is diluted with etherdichloromethane (75:25), filtered,
and the filtrate 1s washed with water and brine. After
drying over magnesium sulfate, the solvent is evapo-
rated to give a yellow oil. Flash chromatography using
3% methanol in dichloromethane gives 2.52 g. of 1,4-
dihydro-2-methoxy-6-methyl-4-(3-nitrophenyl)-5-
pyrimidinecarboxylic acid, 2-[methyl(phenylmethyl-
)aminojethyl ester. |

b)
3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-0x0-1,5(2H)-
pyrimidinedicarboxylic acid, 1-(1-methylethyl)
5-[2-[methyl(phenylmethyl)amino]ethyl]ester,
monohydrochlonde

A solution of the product from part (a) (2.0 g., 4.57
mmole) in dichloromethane (7.0 ml.) and pyridine (1.5
ml., 18.3 mmole) is cooled to 0° under argon and treated
with isopropyl chloroformate (0.65 ml., 5.48 mmole).
After the addition is completed, the cooling bath is
removed and the reaction is allowed to stir at room
temperature for 2 hours. The solvent is removed in
vacuo and the residue is dissolved in methanol (12 ml.).
This 1s then treated with 2.5N hydrochloric acid (50
ml.) and the reaction is allowed to stir at room tempera-
ture for one hour. The methanol is evaporated, and the
residue is treated with 1N sodium hydroxide until pH of
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- EXAMPLE 31

3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-oxo0-1,5(2H)-
pyrimidinedicarboxylic acid,
1-[1-(phenylmethyl)-4-piperidinyl]5-(1-methylethyl)
~ ester, monohydrochloride

a) _
2-Methoxy-4-methyl-6-(3-nitrophenyl)-1,5(6H)-
pyrimidinedicarboxylic acid,
I-[1-(phenylmethyl)-4-piperidinyl]5-(1-methylethyl)
ester

A solution of 1,4-dihydro-2-methoxy-6-methyl-4-(3-
nitrophenyl)-5-pyrimidinecarboxylic acid, 1-
methylethyl ester (5.03 g., 15.1 mmole) {[prepared as set
forth in Example 11 (a)] and dry triethylamine (10.5 ml.,
75.4 mmole) in dichloromethane (30 ml.) in an ice bath
under argon is treated dropwise via gas tight syringe
with a 1.3M solution of phosgene in benzene (15.1 ml.,
19.6 mmole). The resulting mixture is stirred in the bath
for 20 hours. After cooling in a fresh ice bath, the mix-
ture is treated with more triethylamine (5.5 ml., 39.5
mmole) and 1.3M phosgene in benzene solution (7.5 ml.,
9.8 mmole). After 4 hours stirring in the bath, the reac-
tion 1s treated with N-benzyl-4-hydroxypiperidine (3.75
g., 19.6 mmole) and stirred at room temperature for 18
hours. The reaction is then diluted with dichlorometh-
ane and washed with water and saturated sodium chlo-

- nide. The evaporated organic phase is then flash chro-
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matographed to give 4.1 g. of 2-methoxy-4-methyl-6-(3-
nitrophenyl)-1,5(6H)-pyrimidinedicarboxylic acid, 1-[1-
(phenylmethyl)-4-piperidinyl]5-(1-methylethyl) ester as
an oil.

b) |
3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-0x0-1,5(2H)-
pyrimidinedicarboxylic acid,
1-1-(phenylmethyl)-4-piperidinyl]5-(1-methylethyl)
ester, monohydrochloride

A solution of the ester product from part (a) (1.22 g.,
2.2]1 mmole) in tetrahydrofuran and methanol (18 ml.
each) is treated with IN hydrochloric acid (3.0 ml.,, pH
1), and stirred at room temperature for 90 minutes. The
reaction is quenched with saturated sodium bicarbonate
and partially evaporated. The remaining aqueous phase
is then extracted with ethyl acetate. The combined
organic phase is washed with saturated sodium chlo-
ride, dried over potassium carbonate, and evaporated.
The residue is taken up in ether and treated with 1.2M
ethereal hydrochloric acid (3.0 ml.,, 3.6 mmole). The
solids which precipitate are filtered and vacuum dried.
The resulting impure product is crystallized from iso-

- propanol and triturated with acetonitrile/ether to give

33

about 10 to 11 and then is extracted with chloroform.

The combined extracts are washed with brine and dried

over anhydrous magnesium sulfate. Evaporation gives a

colorless foam which is dissolved in ether and treated

with ethereal hydrochloric acid (4.5 ml. of 1.2N solu-

tion). The colorless solid that precipitates out is filtered
and dried at 70° under high vacuum to give 2.2 g. of
3,6-dihydro-4-methyl-6-(3-nitrophenyl)-2-0x0-1,5(2H)-
pyrimidinedicarboxylic acid, 1-(1-methylethyl) 5-[2-
[methyl(phenylmethyl)amino]ethyl]ester, monohydro-
chloride; m.p. foams at 128° (softens above 105°).

65

944 mg. of 3,6-dihydro-4-methyl-6-(3-nitro-phenyl)-2-
oxo-1,5(2H)-pyrimidinedicarboxylic acid, 1-[1-(phenyl-
methyl)-4-piperidyl]5-(1-methylethyl) ester, monohy-
drochloride as a colorless solid; m.p. greater than 250°.
TLC (sitlica gel; 10% methanol/dichloromethane)
Rq=0.54. -

Anal. calc’d. for CysH3:N4O7 HCI 0.37 H,0: 58.01:
H, 3.87; N, 9.66; Cl, 6.12. Found: C, 58.01; H, 5.87: N,
9.53; Cl, 6.12.

EXAMPLES 32-55

Following the procedures of Examples 2 to 25 and 27
to 31, the substituted 1,4-dihydro-2-methoxy-5-
pyrimidinecarboxylic acid ester shown in Col. I is re-
acted to give the 1,5(6H)-pyrimidinedicarboxylic acid
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ester shown below in Col. II. Treatment with hydro-

chloric acid yields the product shown in Col. III.

R{\ /H | Col. 1
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The N-protecting groups in Examples 43, 44, and 50
are removed as the last step in the synthesis.

EXAMPLE 53

3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-0x0-1,5(2H)-
pynmldmedlcarboxyllc acid, 5-(1-methylethyl)
1-{(S)-phenylethyl]ester

A solution of (S)-(-)phenylethyl alcohol (1.0 g., 8.2
mmole) in acetonitrile (10 ml.) and pyridine (1.0 ml.) is
treated at 0° under argon with 4-nitrophenyl chlorofor-
mate (1.65 g., 8.2 mmole). The reaction is stirred at 0°
for 30 minutes and at room temperature for one hour. It
is then treated with 1,4-dihydro-2-methoxy-6-methyl-4-
(3-nitrophenyl)-5-pyrimidinecarboxylic acid, 1-
methylethy] ester (2.1 g., 6.3 mmole) [prepared as set
forth in Example 11(a)] followed by triethylamine (1.7
ml.) and 4-dimethylaminopyridine (75 mg., 0.63
mmole). The reaction is stirred at room temperature for
6 hours and at 75° for 24 hours. The solvent is evapo-
rated and the residue is taken up in tetrahydrofuran (20
ml.) and treated with 2N hydrochloric acid until pH 2.0.
-~ The reaction is then stirred at room temperature over-
night, after which most of the solvent is removed under
vacuum. The residue i1s extracted with ether several
times and the combined extract is washed with 5%
potassium carbonate and brine and then dried over
anhydrous magnesium sulfate. The solvent is evapo-
rated and the residue is purified by flash chromatogra-
phy 10% ethyl acetate in dichloromethane). The prod-
uct is crystallized from isopropyl ether-dichlorome-
thane to give 820 mg. of 3,6-dihydro-4-methyl-6-(3-
nitrophenyl)-2-0x0-1,5(2H)-pyrimidinedicarboxylic
acid, 5-(1-methylethyl) 1-[(S)-phenylethyl]ester as a
colorless solid; m.p. 149°-160°.

Anal. calc’d for C24HosN3O7: C, 61.66: H, 5.39; N,
8.98. Found: C, 61.47; H, 5.71; N, 8.91.

EXAMPLE 54

3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-0x0-1,5(2H]}-
pyrimidinedicarboxylic acid,
5-(1-methylethyl)-1-[(S)-1-methyl-2-[methyl(phenylme-
thyl)amino]ethyljester

a)
3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-oxo0-1,5(2H]-
pynmldmedlcarboxyllc acid, 5-(1-methylethyl)
1-(4-nitrophenyl) ester

A solution of 1,4-dihydro-2-methoxy-6-methyl-4-(3-
nitrophenyl)-5-pyrimidinecarboxylic acid, 1-
methylethyl ester (500 mg., 1.5 mmole) [prepared as set
forth in Example 11(a)] and pyndine (0.61 ml., 7.5
mmole) in dichloromethane (4.0 ml.) in an ice bath
under argon is treated with 4-nitrophenyl chlorofor-
mate (363 mg., 1.8 mmole). After stirring at 0° for one
hour, the reaction mixture is evaporated. The residue 1s
taken up in tetrahydrofuran-methanol (4 ml. each) and
treated with 3N hydrochloric acid (2 ml.,, pH 1). The
reaction is stirred at room temperature for several hours
and evaporated. The residue is partitioned between
chloroform and saturated sodium bicarbonate solution.
The organic phase is washed with saturated sodium
chloride solution, dried (MgSQy4), and evaporated. The
residue 1s punﬁed by flash chromatography (5% dichlo-
romethane in ether) and crystallized from isopropyl
ether to give 574 mg. of 3,6-dihydro-4-methyl-6-(3-
nitrophenyl)-2-oxo-1,5(2H)-pyrimidinedicarboxylic
acid, 5-(1-methylethyl) 1-(4-nitrophenyl) ester; m.p.

- 138°-140°.
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TLC (stlica gel; 40% acetone/hexane)
R=0.20.

b.

3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-0x0-1,5(2H)-

pyrimidinedicarboxylic acid, 5-(1-methylethyl)
1-[(S)-1-methyl-2-[methyl(phenylmethyl)amino]ethyl]-
ester

A mixture of the product from part (a) (227 I;Ig., 0.57
mmole) and (S)-1-methyl-2-[methyl(phenylmethyl-

Jamino[ethanol (135 mg., 0.74 mmole) in acetonitrile

(5.7 ml.) under argon is heated at 50° for 72 hours. The

mixture is evaporated and flash chromatographed (5%
dichloromethane 1n ether) to give 0.33 g. of crude prod-

uct as a yellow oil. This material is taken up in ether,

treated with ethanolic hydrochloric acid, and evapo-

‘rated. Trituration with ether gives 204 mg. of 3,6-dihy-

dro-4-methyl-6-(3-nitrophenyl)-2-ox0-1,5(2H)-
pyrimidinedicarboxylic acid, 5-(1-methylethyl) 1-[(S)-1-
methyl-2-[methyl(phenylmethyl)amino]ethyl} ester as
colorless crystals; m.p. 120°-150° (dec.). TLC (silica
gel; 5% dichloromethane/ether) R=0.42.

Anal. calc’d for C7H32N407.0.8H,0: C, 56.45; H,

5.90; N, 9.75; Cl, 6.17. Found: C, 56.57; H, 6.30; N, 925
Cl, 6.54.

EXAMPLE 55

3,6-Dihydro-4-methyl-6-[2-(trifluoromethyl)phenyl]-2-
thioxo-1,5(2H)-pyrimidinedicarboxylic acid, diethyl
ester .

1 4-D1hydm 6-methyl-4-[2-(trifluoromethyl)phenyl]-2-
[(phenylmethyl)thio]-5-pyrimidinecarboxylic acid,
ethyl ester

A solution of 2-[[2-(trifluoromethyl)phenyl]me-
thylene]-3-oxobutanoic acid, ethyl ester (2.8 g., 10.0
mmole) in dry dimethylformamide is treated with S-
(benzyl)thiopseudourea hydrochloride (2.43 g., 12.0
mmole) and sodium acetate (984 mg., 12.0 mmole). The
reaction mixture is stirred at room temperature for 2
hours and then heated at 60° for 4 hours. The reaction is
then cooled to room temperature, diluted with ether,
and filtered. The filtrate is washed with water, sodium
bicarbonate, and brine. After drying over anhydrous
magnesium sulfate, the solvent is evaported. The resi-
due is purified by flash chromatography (2% ethyl
acetate in dichloromethane) to provide 3.6 g. of 1,4-
dihydro-6-methyl-4-[2-(trifluoromethyl)phenyl}-2-
[(phenylmethyDthio]-5-pyrimidinecarboxylic acid,
ethyl ester as a light yellow foam. TL.C (silica gel; ethyl
acetate/hexanes, 30:70) R=0.51.

b)
4-Methyl-6-[2-(trifluoromethyl)phenyl]-2-[(phenylme-
thyl)thlo] 1,5(6H)-pyrimidinedicarboxylic acid, diethyl

~ ester

A solution of 1,4-dihydro-6-methyl-4-[2-(trifluorome-
thyl)phenyl}-2-[(phenylmethyl)thio]-5-pyrimidinecar-
boxylic acid, ethyl ester (3.3 g., 7.6 mmole) in dichloro-
methane (20 ml.) and pyridine (1.2 ml.) is cooled to 0°

~ under argon and treated dropwise with ethyl chlorofor-

63

‘mate (0.9 ml., 9.0 mmole). A catalytic amount of 4-

dimethylamino pyridine is added and the reaction is
allowed to warm to room temperature. The reaction is
then stirred overnight and then diluted with ethy] ace-
tate. The resulting solution is washed with IN hydro-
chloric acid, sodium bicarbonate and brine. After dry-
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ing over anhydrous magnesium sulfate, the solvent is
stripped to provide a yellow foam. Crystallization from
hexanes provides 3.11 g. of yellow crystalline 4-methyl-
6-[2-(trifluoromethyl)phenyl]-2-[(phenylmethyl)thio]-
1,5(6H)-pyrimidinedicarboxylic acid, diethyl ester; m.p.
85.5°-87.5°. TLC (silica gel; ethyl acetate/hexanes,
30:70) Rr=0.64.

C)
3,6-Dihydro-4-methyl-6-[2-(trifluoromethyl)phenyl]-2-
thioxo-1,5(2H)-pyrimidinedicarboxylic acid, diethyl
ester

A solution of 4-methyl-6-[2-(trifluoromethyl)phenyl]-
2-[(phenylmethyhthio}-1,5(6H)-pyrimidinedicarboxylic
acid, diethyl ester (1.0 g., 1.97 mmole) in dry acetoni-
trile (5 ml.) is treated with bromotrimethylsilane (1.0
ml., 7.57 mmole) under argon. The reaction is heated to
60" overnight and then cooled to room temperature.
Some starting material is still present (TLC). The aceto-
nitrile and excess bromotrimethylsilane are evaporated
and the resulting residue is diluted with ethyl acetate.
‘This solution (yellow) is washed with 5% sodium bicar-
bonate and brine, and is dried over anhydrous magne-
sium sulfate. The solvent is evaporated off and the resi-
due 1s flash chromatographed eluting with 15% acetone
in hexanes. The fractions containing the desired product
are combined, evaporated, and the residue is crystal-
lized from isopropyl ether/hexanes to give 405 mg. of
3,6-dihydro-4-methyl-6-[2-(trifluoromethyl)phenyl]-2-
thioxo-1,5(2H)-pyrimidinedicarboxylic acid, diethyl
ester as a yellow solid; m.p. 106°-108°. TLC (silica gel;
ethyl acetate/hexanes, 40:60) Ry=0.48.

Anal. calc’d. for C1gH5F3N2048S: C, 51.92; H, 4.60;
N, 6.73;' S, 7.70; F, 13.69. Found: C, 51.99; H, 4.63; N,
6.61; S, 7.86; F, 13.70.

EXAMPLES 56

3,6-Dihydro-4-methyl-6-(2-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, diethyl ester

a)
1,4-Dihydro-6-methyl-4-(2-nitrophenyl)-2-[(phenyime-
thyl)thioj-5-pyrimidinecarboxylic acid, ethyl ester,
hydrochloride

A solution of 2-[(2-nitrophenyl)methylene]-3-
oxobutanoic acid, ethyl ester (3.09 g., 11.4 mmole) in
dry dimethylformamide (7.0 ml.) under argon is treated
with S-(benzyl)thiopseudourea, hydrochloride (2.31 g.,
11.4 mmole) and sodium acetate (984 mg., 12.0 mmole).
The reaction is heated at 60° for 4 hours and then al-
lowed to cool to ambient temperature. It is diluted with
ethyl acetate and the solid is filtered off. The filtrate is
washed with water, sodium bicarbonate, and brine.
After drying over anhydrous magnesium sulfate, the
solvent 1s stripped off to yield a yellow foam. This mate-
rial 1s dissolved in isopropanol (30 ml.) and treated with
methanolic hydrochloric acid (3.5 ml. of 4N solution).
Most of the methanol is evaporated and the solution is
refrigerated overnight. The solid that precipitates out is
filtered, washed with isopropanol and dried to provide
44 g. of 1,4-dihydro-6-methyl-4-(2-nitrophenyl)-2-
[(phenylmethyl)thio]-5-pyrimidinecarboxylic acid,
ethyl ester, hydrochloride as a light yellow solid. An
analytically pure sample is obtained by recrystallization
from isopropanol-dichloromethane; m.p. 151.5°-153°.
TLC (silica gel; ethyl acetate/hexanes, 40:60) R =0.38.
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Anal calc’d. for Cy1H,1N304S.HCL: C, 56.31: H,4.95;
N, 9.38; §, 7.16; Cl, 7.91. Found: C, 56.18; H, 5.15: N,
9.15; S, 6.90; Cl, 7.87.

b)
4-Methyl-6-(2-nitrophenyl}-2-[(phenylmethyl)thio]-
1,5(6H)-pyrimidinedicarboxylic acid, diethyl ester

A solution of 1,4-dihydro-6-methyl-4-(2-nitro-
phenyl)-2-[phenylmethyl)thio}-5-pyrimidinecarboxylic
acid, ethyl ester, hydrochloride (4.0 g., 10.0 mmole) in
dichloromethane (20 ml.) and pyridine (2.16 ml., 26.7
mmole) is cooled to 0° under argon and treated drop-
wise with ethyl chloroformate (1.1 ml., 11.0 mmole).
After the addition is completed, the cooling bath is
removed and the reaction mixture is allowed to stir at
room temperature for 3 hours. It is then diluted with
ethyl acetate and the resulting solution is washed with
water, IN hydrochloric acid, sodium bicarbonate, and
brine. After drying over anhydrous magnesium sulfate,
the solvent is stripped and the residue is crystallized
from ether-hexanes to give 4.01 g. of 4-methyl-6-(2-
nitrophenyl)-2-[(phenylmethyl)thio}-1,5(6H)-
pyrimidinedicarboxylic acid, diethyl ester as a yellow
solid; m.p. 110°~112°. TLC (silica gel; ethyl acetate/-
hexanes, 40:60) R=0.53.

Anal calc’d. for C4H>sN3O¢S: C,39.61; H,5.21;
N,8.69; §,6.63. Found: C,59.82; H,5.32; N,8.52; S,6.66.

c)
3,6-Dihydro-4-methyl-6-(2-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, diethyl ester

A suspension of 4-methyl-6-(2-nitrophenyl)-2-
[(phenylmethyl)thjo]-1,5(6H)-pyrimidincdicarboxy]ic
acid, diethyl ester (2.0 g., 4.14 mmole) in dry acetoni-
trile (10 ml.) under argon is treated with bromotrime-
thylsilane (2.5 ml.) using a gas tight syringe. The reac-
tion mixture is heated at 70° for 36 hours and then
cooled to room temperature. The solvent is stripped and
the residue is purified by flash chromatography (25%
ethyl acetate in hexanes). The desired product is crystal-
lized from isopropyl etherhexanes to give 590 mg. of
3,6-dihydro-4-methyl-6-(2-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, diethyl ester; m.p.
130°-132°. TLC (silica gel; ethyl acetate/hexanes.
50:50) Rr=0.48.

Anal. calc’d. for Ci7H;9N30¢S: C,51.90; H,4.87;
N,10.68; S,8.15. Found: C,51.94; H,4.69; N,10.33;
S,8.04.

EXAMPLE 57

6-(2,3-Dichlor0phenyl)-3,6-dihydro-4~methy]-2-thiox0-
1,5(2H)-pyrimidinedicarboxylic acid, J-methyl 1-ethyl
ester

a) S-(4-Methoxybenzyl)thiOpseudourea, hydrochloride

A suspension of thiourea (38 g., 50.0 mmole) in dry
tetrahydrofuran (40 ml.) is cooled to 0° under argon and
is treated dropwise with 4-methoxybenzylchloride (8.0
g 50.0 mmole). After the addition is completed, the
cooling bath is removed and the reaction is allowed to
stir at room temperature for 2 hours. It is then heated at
60°-65° for 4 hours whereupon a colorless voluminous
precipitate is formed. The reaction is allowed to cool
down to room temperature and is diluted with anhy-
drous ether. The solid is filtered off and washed with
anhydrous ether to give 10.92 g. of S-(4-methoxyben-
zyl)thiopseudourea, hydrochloride; m.p. 161°-163.5°,
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Anal. cale’d. for CoH1oN2OS.HCI: C,46.45; H,5.63:
N,12.04; S,13.78; Cl, 15.23. Found: C,46.48; H,5.64:
N,12.25; S,13.74; Cl, 15.31.

b) 4-(2 3-Dichlorophenyl)-1
4-dihydro-2-[[(4-methoxyphenyl)methyl]thio]-6-meth-
yl-5-pyrimidinecarboxylic acid, methyl ester

A solution of 2-[(2,3-dichlorophenyl)methylene]-3-
oxobutanoic acid, methyl ester (1.36 g., 5.0 mmole) in
dry dimethylformamide (5 ml.) is treated with S-(4-
methoxybenzyl)thiopseudourea, hydrochloride (1.16 g.,
2.0 mmole) and sodium acetate (420 mg., 5.0 mmole)
under argon at room temperature. The reaction is
heated at 60° for 4 hours and then allowed to cool down
to room temperature. It is diluted with ethyl acetate and
the solid 1s fiitered off. The filtrate is washed with wa-
ter, sodium bicarbonate, and brine. After drying over
anhydrous magnesium sulfate, the solvent is evaporated
to provide 2.21 g. of 4-(2,3-dichlorophenyl)-1,4-dihy-
dro-2-{[(4-methoxyphenyl)methyl]thio]-6-methyl-5-

- pyrimidinecarboxylic acid, methyl ester as a light yel-
low foam. TLC (silica gel; ethyl acetate/hexanes 40:60)
Rr=0.38.

c)
6-(2,3-Dichlorophenyl)-4-methyl-2-[[(4-methoxy-
phenyl]methyl]thio-1,5(6H)-pyrimidinedicarboxylic
acid, S-methyl 1-ethyl ester

A solution of 4-(2,3-dichlorophenyl)-1,4-dihydro-2-
[[(4-methoxyphenyl)methyl}thio]-6-methyl-5-
pyrimidinecarboxylic acid, methyl ester (2.17 g., 4.80
mmole) in dichloromethane (10 ml.) and pyridine (0.8
ml.) is treated dropwise with ethyl chloroformate (0.6
ml., 6.5 mmole) at 0° under argon. After the addition is
completed, the reaction mixture is allowed to warm to
room temperature and stirred for 3 hours. Anhydrous
ether (60 ml.) is added and the resulting solution is
washed with water, IN hydrochloric acid, sodium bi-
carbonate, and brine. It is dried over magnesium sulfate
and evaporated to provide a yellow foam. Crystalliza-
tion from ether-hexanes provides 2.25 g. of 6-(2,3-
dichlorophenyl)-4-methyl-2-[[(4-methoxypheny])me-
thyljthio]-1,5(6H)-pyrimidinedicarboxylic  acid, §-
methyl 1-ethyl ester; m.p. 134°~135°. TLC (silica gel;
ethyl acetate:hexanes, 40:60) R=0.53.

Anal. calc’d. for CasH24ClIoN2OsS: C,55.07; H,4.62:
N,5.35; S,6.12; Cl, 13.55. Found: C,55.15; H,4.47;
N,5.42; S,6.33; Cl, 13.47.

d)
6-(2,3-Dichlorophenyl)-3,6-dihydro-4-methyl-2-thioxo-
1,5(2H)-pyrnimidinedicarboxylic acid, S-methyl 1-ethyl

| ester

A suspension of the ester product from part (c) (1.0
g., 1.91 mmole) in anhydrous benzene (5 ml.) under
argon is treated with trifluoroacetic acid (0.5 ml.). The
resulting solution is heated at 70° (oil bath temperature)
for 30 hours. The reaction is then cooled to ambient
temperature and the solvent stripped off. The residue is
purified by flash chromatography on silica gel (5%
ethyl acetate in dichloromethane). The resulting prod-
uct is crystallized from dichloromethane-isopropyl
ether to give 589 mg. of yellow solid product. This
material 1s combined with a previous batch and recrys-
tallized from dichloromethane-benzene-hexanes to give
an analytically pure sample of 6-(2,3-dichlorophenyl)-
3,6-dihydro-4-methyl-2-thioxo-1,5(2H)-
pyrimidinedicarboxylic acid, 5-methyl l-ethyl ester;
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m.p. 190°-191°. TLC (silica gel; ethy! acetate hexanes,
40 60) R/=0.43.
Anal. calc’d. for CigH;6CI2N204S: C,47.65: H ,4.00;

N,6.95; §,7.95 Cl, 17.56. Found: C,47.91; H,3.97;
N,6.66; S,7.92; Cl, 17.50.

EXAMPLE 58

| 3,6—Dihydro-6-(2-methoxyphenyl)-4~methyl-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, diethyl ester
)
1,4-Dihydro-4-(2-methoxyphenyl)-2-[[(4-methoxy-

phcnyl)methyl]thm] 6-methyl-5-pyrimidinecarboxylic
acid, ethyl ester

A mixture of 2- [(2-methoxyphenyl)methylene] 3-
oxobutanoic acid, ethyl ester (1.61 g., 6.5 mmole), S-(4-
methoxybenzyl)thiopseudourea, hydrochloride (1.51 g.,
6.5 mmole), and sodium acetate (0.54 g., 6.5 mmole) in
dimethylformamide (7 ml.) is stirred and heated at 60°
for 4 hours, cooled and diluted with ether. After extrac-
tion with water, sodium bicarbonate, and brine, the
dried solution is evaporated to give 2.8 g. of crude 1,4-
dihydro-4-(2-methoxyphenyl)-2-[[(4-methoxyphenyl)-
methyl]thio]-6-methyl-5-pyrimidinecarboxylic acid,
ethyl ester as an oil.

b)
6-(2-Methoxyphenyl)-2-[[(4-methoxyphenyl)methyl]-
thio]-4-methyl-1,5(6H)-pyrimidinedicarboxylic acid,

‘diethyl ester

A solution of the crude ethyl ester product from part
(a) (2.8 g., 6.5 mmole) in dichloromethane (15 ml.) con-
taining pyridine (1.1 ml.) is cooled to 5° and treated
dropwise with ethyl chloroformante (0.8 ml., 8.0
mmole) and then stirred at room temperature for 4
hours. After dilution with ether, the solution is washed
with water, IN hydrochloric acid, saturated sodium
bicarbonate, and brine. The dried solution is evaporated
to give 2.0 g. of yellow solid 6-(2-methoxyphenyl)-2-
[[(4-methoxyphenyl)methyl]thio]-élwmethyl-1,5(6H)- |
pynmldmedlcarboxyhc acid, diethyl
116°-118°.

Anal. calc’d. for C2¢H31N206S: C, 62.50; H, 6.25; N,
5.60. Found: C, 62.34; H, 6.01; N, 5.49.

3,6-Dihydro-6-(2-methoxyphenyl)-4-methyl-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, diethyl ester

A solution of the diethy] ester product from part (b)
(2.0 g., 4.0 mmole) and trifluoroacetic acid (1.1 ml.) in
benzene (12 ml.) is heated at 70° for 30 minutes. The
solvent is evaporated and the residue is flash chromato-

ester; m.p.

graphed using dichloromethane:ethyl acetate (98:2) to

give 0.7 g. of a mixture containing the desired product.
This material 1s combined with 0.3 g. of a similar mix-
ture from a previous run and flash chromatographed
using ethyl acetate:hexanes (1:3) to give 0.44 g. of yel-
low solid 3,6-dihydro-6-(2-methoxyphenyl)-4-methyl-2-
thioxo-1,5(2H)-pyrimidinedicarboxylic acid, diethyl
ester; m.p. 117°-118°. TLC (silica gel; ethyl acetate:hex-
anes, 1:1) Rf—O 35.

‘Anal. calc’d. for C13H2aN20sS: C, 57.12; H 3.85: N,
7.40; §, 8.47. Found: C, 56.99; H, 5.97; N, 7.19; S, 8.27.
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EXAMPLE 59

6-(2-Chlorophenyl)-3,6-dihydro-4-methyl-2-thioxo-1,5
2H)-pyrimidinedicarboxylic acid, diethyl ester

a)
4-(2-Chlorophenyl)-1,4-dihydro-2-{[(4-methoxyl-
phenyl)methyljthio]-6-methyl-5-pyrimidinecarboxylic
acid, ethyl ester

A solution of 2-[(2-chlorophenyl)methylene]-3-
oxobutanoic acid, ethyl ester (1.26 g., 5.0 mmole), S-(4-
methoxybenzylthiopseudourea, hydrochloride (1.16 g,
5.0 mmole) and sodium acetate (0.42 g., 5.0 mmole) in
dimethylformamide is stirred and heated at 60° for 4
hours. After cooling, ether is added and the solution is
extracted with ether, sodium bicarbonate, and bnne,
then dried and evaporated to give 2.0 g. of 4-(2-chloro-
phenyl)-1,4-dihydro-2-{[(4-methoxyphenyl)methyl]thi-
o]-6-methyl-S-pyrimidinecarboxylic acid, ethyl ester as
an oil. |

b)
6-(2-Chlorophenyl)-2-[[(4-methoxyphenyl)methyl]thi-
ol-4-methyl-1,5(6H)-pyrimidinedicarboxylic acid,
diethyl ester

A stirred solution of the ethyl ester product from part
(a) (2.0 g., 4.6 mmole) in dichloromethane (12 ml.) con-
taining pyridine (0.8 ml.) is cooled to 5° and treated
dropwise with ethyl chloroformate (0.5 ml., 5.2 mmole).
After stirring for 16 hours at room temperature, the
solution is diluted with ether and extracted with water,
IN hydrochloric acid, saturated sodium bicarbonate
and brine. The dnied solution is concentrated to a small
volume to allow slow crystallization. As a result, 1.0 g.
of yellow product is obtained; m.p. 107°~109°. An addi-
tional 0.33 g. of product 1s obtained by repeat treatment
of the concentrated mother liquor, in dichloromethane,
with pyridine (0.4 ml.) and ethyl chloroformate (0.25
ml.) to give a total yield of 1.33 g. of 6-(2-chloro-
phenyl)-2-[[(4-methoxyphenyl)methyl}thio]-4-methyl-
1,5(6H)-pyrimidinedicarboxylic acid, diethyl ester.

Anal. calc’d. for CysH27N>ClOsS: C, 59.69; H, 5.40;
N, 5.57. Found: C, 60.03; H, 5.55; N, 5.53.

c)
6-(2-Chlorophenyl)-3,6-dihydro-4-methyl-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, diethyl ester

A stirred solution of the diethyl ester product from
part (b) (1.3 g., 2.5 mmole) and trifluoroacetic acid (0.65
ml.) in benzene (8 ml.) is heated at 70° for 46 hours. The
solvent is evaporated and the crude residue 1s flash
chromatographed using dichloromethane:ethyl acetate
(98:2) to give 0.4 g. of 6-(2-chlorophenyl)-3,6-dihydro-
4-methyl-2-thioxo-1,5(2H)-pyrimidinedicarboxylic
acid, diethyl ester as a yellow solid homogeneous mate-
rial; m.p. 126°-128°. TLC (silica gel; dichlorome-
thane:ethyl acetate, 98:2) R/=0.25.

Anal. calc’d. for Ci17H19N>Cl0O4S: C, 53.32; H, 5.00;
N, 7.31; Cl, 9.25; S, 8.37. Found: C, 53.02; H, 4.96; N,
7.11; Cl, 9.58; S, 8.30.
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EXAMPLE 60

3,6-Dihydro-4-methyl-6-(4-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, diethyl ester

a)
1,4-Dihydro-2-{(4-methoxyphenyl)methyl]thio]-6-
methyl-4-(4-nitrophenyl)-5-pyrimidinecarboxylic acid,
ethyl ester

A stirred mixture of 2-[(4-nitrophenyl)methylene}-3-
oxobutanoic acid, ethyl ester (1.97 g., 7.5 mmole), S-(4-
methoxybenzyl)thiopseudourea, hydrochloride (1.74 g.,
7.5 mmole), and sodium acetate (0.63 g., 7.5 mmole) in
dimethylformamide (8 ml.) is heated at 70° for 4 hours.
After cooling, ether is added and the solution i1s washed
with water, sodium bicarbonate, and brine. The dried
solution is evaporated to give 3.1 g. of crude 1,4-dihy-
dro-2-[[(4-methoxyphenyl)methyl]jthio]-6-methyl-4-(4-
nitrophenyl)-5-pyrimidinecarboxylic acid, ethyl ester as
an oil.

. b)
2-[[(4-Methoxyphenyl)methyl]thio]-4-methyl-6-(4-
mtrophenyl)-1,5(6H)-pyrimidinedicarboxylic acid,

diethyl ester

A solution of the ethyl ester product from part (a) (3.1
g., 1.0 mmole) and pyridine (1.2 ml.) in dichlorometh-
ane (20 ml.) 1s cooled to 5° and treated dropwise with
ethyl chloroformate (0.92 ml., 9.0 mmole). After stirring
at room temperature for 16 hours, the solution is stluted
with ether and washed with water, IN hydrochloric
acid, sodium bicarbonate, and brine. The dried solution
is evaporated to give 2.95 g. of 2-[[(4-methoxyphenyl)-
methyljthio]-4-methyl-6-(4-nitrophenyl)-1,5(6H)-
pyrimidinedicarboxylic acid, diethyl ester as an oil con-
taining a minor impurity.

c)
3,6-Dihydro-4-methyl-6-(4-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid diethyl ester

A solution of the diethyl ester product from part (b)
(2.9 g., 5.6 mmole) and trifluoroacetic acid (1.5 ml.) in
benzene (20 ml.) is heated at 70° for 3 hours. The solvent
is evaporated and the residue is flash chromatographed
using dichloromethane:ethyl acetate (98:2) to give 1.05
g. of yellow solid 3,6-dihydro-4-methyl-6-(4-nitro-
phenyl)-2-thioxo-1,5(2H)-pyrimidinedicarboxylic acid ,
diethyl ester; m.p. 163°-165°. TLC(silica gel; ethyl
acetate:hexanes, 1:1) R/=0.45.

Anal. calc’d for Ci7Hj9N306S: C, 51.89; H, 4.86; N,
10.68; S, 8.14. Found: C, 52.03; H, 4.88; N, 10.56; S,
7.95.

EXAMPLE 61

3,6-Dihydro-6-(4-methoxyphenyl)-4-methyl-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, diethyl ester

| a)
1,4-Dihydro-2-[[(4-methoxyphenyl)methyl]thio]-4-(4-
methoxyphenyl)-6-methyl-5-pyrimidinecarboxylic acid,
ethyl ester

A mixture of 2.[(4-methoxyphenyl)methylene]-3-
oxobutanoic acid, ethyl ester (1.49 g., 6.0 mmole), S-(4-
methoxybenzyljthiopseudourea, hydrochloride (1.4 g.,
6.0 mmole) and sodium acetate (0.5 g., 6.0 mmole) in
dimethylformamide (7 ml.) is stirred and heated at 70°
for 4 hours. After cooling, ether is added and the mix-
ture 1s washed with water, saturated sodium bicarbon-
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ate solution and brine. The dried solution is evaporated
to give 2.2 g. of 1,4-dihydro-2-[[(4-methoxyphenyl)me-
thyljthio]-4-(4-methoxyphenyl)-6-methyl-5-
pyrimidinecarboxylic acid, ethyl ester as an oil.

b) _
2-[[(4-Methoxyphenyl)methyl]thio]-4-methyl-6-(4-
methoxyphenyl-1,5(6H)-pyrimidinedicarboxylic acid,

- diethyl ester

A cold solution of the ethyl ester product from
part(a) (2.2 g., 5.1 mmole) and pyridine (0.86 ml.) in
dichloromethane (15 ml.) is treated slowly with ethyl
chloroformate (0.63 ml., 6.5 mmole). After stirring at
room temperature overnight, the solution is diluted
with ether and washed with water, 1IN hydrochloric
acid, saturated sodium bicarbonate, and brine. The
dried solution is evaporated to give 2.45 g. of 2-[[(4-
methoxyphenyl)methyl]thio}-4-methyl-6-(4-methoxy-
phenyl)-1,5(6H)-pyrimidinedicarboxylic acid as an oil
containing a small amount of impurity.

c)
3,6-Dihydro-6-i4-methoxyphenyl)-4-methyl-2-thioxo-
1,512H)-pyrimidinedicarboxylic acid, diethyl ester

A solution of the crude diethyl ester product from
part (b) (2.45 g., 4.9 mmole), trifluoroacetic acid (1.42
ml., 15 mmole) and ethanethiol (0.63 g., 10 mmole) in
dichloromethane (25 ml.) is stirred at room temperature
for 60 hours. The solvent is evaporated and the residue
flash chromatographed using ethyl acetate:hexane (1:4)
to give an oil which slowly solidifies to 1.15 g. of yellow
solid 3,6-dihydro-6-(4-methoxyphenyl)-4-methyl-2-thi-
oxo-1,5(2H)-pyrnimidinedicarboxylic acid, diethyl ester,
m.p. 130°~132°. TLC (silica gel; ethyl acetate:hexane,
1:1) Rr=0.45.

Anal. calc’d. for CigH2aN20sS: C, 57.12; H, 5.85: N,
7.40; S, 8.47. Found: C, 57.18; H, 5.88; N, 7.24; S, 8.31.

EXAMPLE 62

3,6-Dihydro-4-methyl-6-[2-(phenylmethoxy)phenyl]-2-
thioxo-1,5(2H]-pyrimidinedicarboxylic acid, diethyl
ester

a)
1,4-Dihydro-2-{[(4-methoxyphenyl)methyl]thio}-6-
methyl-4-2-(phenylmethoxy)phenyl}-5-pyrimidinecar-
boxylic acid, ethyl ester

A mixture of 2-[[2-(phenylmethoxy)phenyl]me-
thylene]-3-oxobutanoic acid, ethyl ester (1.94 g., 6
mmole), S-(4-methoxybenzyl)thiopseudourea, hydro-
chloride (1.4 g., 6 mmole), and sodium acetate (0.5 g., 6
mmole) in dimethylformamide (7 ml.) 1s stirred and
heated at 70° for 4 hours. Ether is added to the cooled
mixture which is then washed with water, sodium bicar-
bonate, and brine. The dried solution is evaporated to
give 3.0 g. of 1,4-dihydro-2-[[(4-methoxyphenyl)me-
thyl]thio]-6-methyl-4-[2-(phenylmethoxy)phenyl]-5-
pyrimidinecarboxylic acid, ethyl ester as an oil. TLC
(silica gel; ethyl acetate:hexane, 1:1) Ry=0.55.

b)
2-[[(4-Methoxyphenyl)methyljthio]-4-methyl-6-[2-
phenylmethoxy)phenyl}-1,5(6H)-pyrimidinedicarboxy-
lic acid, diethyl ester

A cold solution of the ethyl ester from part (a) (3.0 g.,
6 mmole) and pyridine (1.0 ml.) in dichloromethane (15
ml.) is treated dropwise with ethyl chloroformate (0.84
g., 7 mmole) and stirred at room temperature for 16
hours. Ether is added and the solution is washed with
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water, IN hydrochloric acid, sodium bicarbonate, and
brine. The dried solution is evaporated to a yellow
solid. Trituration with isopropyl ether gives 2.4 g. of
2-{{(4-methoxyphenyl)methyl]thio}-4-methyl-6-[2-
(phenylmethoxy)phenyl]-1,5(6H)-pyrimidinedicarboxy-
lic acid, diethyl ester.

Anal. calc’d. for C33HisN206S: C, 66.87: H, 5.96; N,
4.87; S, 5.57. Found: C, 66.72; H, 5.97; N, 4.55; S, 5.49.

C) |
3,6-Dihydro-4-methyl-6-[2-(phenylmethoxy)phenyl]}-2-
thioxo-1,5(2H]-pyrimidinedicarboxylic acid, diethyl
ester

A solution of the diethyl ester product from part (b)
(1.8 g., 3 mmole), trifluoroacetic acid (1.3 g., 11 mmole),

~and ethanethiol (0.4 g., 6 mmole) in dichloromethane
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(25 ml.) 1s heated at reflux for 32 hours. The coocled
solution is diluted with isopropyl ether to crystallize 1.2
g. of yellow solid; m.p. 153°~155°. A solution is made of
this material in 1sopropyl ether (50 ml.) and ethyl ace-
tate (16 ml.) at 50°. Approximately 40 ml. of solvent is

‘boiled off. The cooled solution gives 0.95 g. of 3,6-dihy-

dro-4-methyl-6-[2-(phenylmethoxy)phenyl}-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, diethyl ester as
yellow crystals; m.p. 155°-157°. TLC (silica gel; ethyl
acetate:hexane, 1:1) Rr=0.60.

Anal. calc’d. for CsH¢N20OsS: C, 63.41; H, 5.76; N,
6.16; S, 7.05. Found: C, 63.37; H, 5.66; N, 6.12: S, 6.73.

EXAMPLE 63

3,6—Dihydro-4-mcthyl-6-[3-(t1_'iﬂuoromethyl)phenyl]-2-—
thioxo-1,5(2H)-pyrimidinedicarboxylic acid, diethyl
ester

. a)
1,4-Dihydro-2-[[(4-methoxyphenyl)methyl]thio]-6-
methyl-4-[3-(trifluoromethyl)phenyl]- 5-pyr1m1d1ne:car

. boxylic acid, ethyl ester

A mixture of 2-[[3-(trifluoromethyl)phenyl]me-
thylene]-3-oxobutanoic acid, ethyl ester (2.0 g., 6.9
mmole), S-(4-methoxybenzyl)thiopseudourea, hydro-
chloride (1.62 g., 6.9 mmole) and sodium acetate (0.58
g., 6.9 mmole) in dimethylformamide (10 ml.) is heated
at 70° for 4 hours. The cooled solution is diluted with
ether and washed with water, sodium bicarbonate, and
brine. The dried solution is evaporated to give 2.85 g. of
an oil. Flash chromatography using ethyl acetate:hex-
anes gives 1.57 g. of 1,4-dihydro-2-[[(4-methoxy-
phenyl)methyl]jthio]-6-methyl-4-[3-(trifluoromethyl)-
phenyl}-5-pyrimidinecarboxylic acid, ethyl ester as an
o1l.

Anal. calc’d for Ca3H23N2F3043S: C, 59.46; H, 4.99;
N, 6.03. Found: C, 59.61; H, 5.38; N, 5.84.

. b)

2-[[(4-Methoxyphcnyl)methyl]th10]-4~methyl-6—3-(tr1—

fluoromethyl)phenyl-1,5i6H]-pyrimidinedicarboxylic
acid, diethyl ester

A cold solution of the ethyl ester product from part
(a) (1.5 g., 3.2 mmole) and pyridine (0.54 ml.) in dichlo-
romethane (15 ml.) is treated dropwise with ethyl chlo-
roformate (0.44 g., 4 mmole). The solution is stirred at
room temperature for 16 hours, then diluted with ether
and washed with water, IN hydrochloric acid, sodium
bicarbonate, and brine. The dried solution is evaporated

to give 1.57 g. of 2-[[(4-methoxyphenyl)methyl]thio]-4-
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methyl-6-[3-(trifluoromethyl)phenyl]-1,5(6H)-
pyrimidinedicarboxylic acid, diethyl ester as an oil.

Anal. calc’d. for Cy¢H27N2F305S: C, 58.19, H, 5.07;
N, 5.22. Found: C, 58.20; H, 5.13; N, 5.20.

n
c)
3,6-Dihydro-4-methyl-6-[3-(trifluoromethyl)phenyl]}-2-
thioxo-1,5(2H)-pyrimidinedicarboxylic acid, diethyl
ester

A solution of the diethyl ester product from part (b) 1o
(1.5 g., 2.8 mmole), trifluoroacetic acid (0.82 ml., 10
mmole), and ethanethiol (0.36 g., 5.7 mmole) in dichlo-
romethane (20 ml.) is stirred at room temperature for 24
hours. The solvent is evaporated leaving the residue
(1.6 g.) as a semisolid. This material is flash chromato- 15
graphed using ethyl acetate:hexanes to give 0.82 g. of
yellow solid 3,6-dihydro-4-methyl-6-[3-(trifluorome-
thyl)phenyl]-2-thioxo-1,5(2H)-pyrimidinedicarboxylic
acid, diethyl ester; m.p. 98°-100°. TLC (silica gel; ethyl
acetate:hexanes, 1:1) Ry=0.65.

Anal. calc’d. for CigH19N2F304S: C, 51.91; H, 4.59;
N, 6.72; F, 13.68; S, 7.69. Found: C, 52.07; H, 4.70; N,
6.41; F, 13.35; S, 7.58.

EXAMPLE 64

3,6-Dihydro-4-methyl-6-[2-(methylthio)phenyl]-2-thi-
oxo-1,5(2H)-pyrimidinedicarboxylic acid, diethyl ester

a)
1,4-Dihydro-2-[[(4-methoxyphenyl)methyl]thio]-6-
methyl-4-[2-(methylthio)phenyl]-5-pyrimidinecarboxy-
lic acid, ethyl ester

A mixture of 2-[[2-(methylthio)phenyl]jmethylene]-3-
oxobutanoic acid, ethyl ester (2.0 g., 7.5 mmole), S-(4-
methoxybenzyl)thiopseudourea, hydrochloride (1.76 g.,
7.5 mmole) and sodium acetate (0.66 g. 8.0 mmole) in
dimethylformamide (10 ml.) is stirred and heated at 70°
for 6 hours. The cooled mixture is diluted with ether
and washed with water, sodium bicarbonate, and brine.
‘The dried solution is evaporated to give 3.0 g. of an oil.
Flash chromatography using ethyl acetate:hexanes (1:4)
gives 2.13 g. of 1,4-dihydro2-[[( 4-methoxybenzyl)me-
thyljthio]-6-methyl-4-[2-(methylthio)phenyl]-5-
pyrimidinecarboxylic acid, ethyl ester as a yellow oil.

b)
2-[[(4-Methoxyphenyl)methyl]jthio]-4-methyl-6-[2-(me-
thylthio)phenyl]-1,5(6H)-pyrimidinedicarboxylic acid,

diethyl ester
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A cold solution of the ethyl ester product from part
(a) (2.1 g., 4.7 mmole) and pyridine (0.78 ml., 9 mmole)
in dichloromethane (15 ml.) is treated dropwise with
ethyl chloroformate (0.63 g., 5.8 mmole) and stirred at
room temperature overnight. The solution is then di-
luted with ether and washed with water, 1N hydrochlo-
ric acid, sodium bicarbonate, and brine. The dried solu- 55
tion 1s evaporated to give 2.1 g. of 2-[[(4-methoxy-
phenyl)methyl]thio]-4-methyl-6-[2-(methylthio)phenyl-
1,5(6H)-pyrimidinedicarboxylic acid, diethy] ester as an
oll which gradually solidifies; m.p. 87°-89°.

Anal. calc’d. for Co6H30N205S2: C, 60.67; H, 5.87: N,
5.44. Found: C, 61.00; H, 5.98: N, 5.17.

c)
3,6-Dihydro-4-methyl-6-[2-(methylthio)phenyl]-2-thi-
oxo-1,5(2H)-pyrimidinedicarboxylic acid, diethyl ester

50

65
A solution of the diethyl ester product from part (b)

(2.1 g., 4 mmole), trifluoroacetic acid (1.18 ml., 13.7

mmole) and ethanethiol (0.52 g., 8 mmole) in dichloro-

56
methane (20 ml.) is stirred at room temperature for 16
hours. The mixture is then heated at reflux for 10 hours
and the solvent is evaporated to give an oil which grad-
ually solidifies. Trituration with isopropyl ether gives
1.34 g. of yellow solid 3,6-dihydro-4-methyl-6-[2-(me-
thylthio)phenyl}-2-thioxo-1,5(2H)-pyrimidinedicar-
boxylic acid, diethyl ester; m.p. 148°~150°. TLC(silica
gel; ethyl acetate: hexanes, 1:2) R/=0.30.

Anal. calc’d. for C1gH2aN204S3: C, 54.79; H, 5.61: N,
1.10; S, 16.25. Found: C, 54.62; H, 5.56; N, 7.01; S,
16.09.

EXAMPLE 65

3,6-Dihydro-4-methyl-6-i3-methoxyphenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, diethyl ester

L a)

- 1,4-Dihydro-2-[[(4-methoxyphenyl)methyl]thio]-4-(3-

methoxyphenyl)-6-methyl-5-pyrimidinecarboxylic acid,
ethyl ester

A mixture of 2-[(3-methoxyphenyl)methylene]-3-
oxobutanoic acid, ethyl ester (2.0 g., 8 mmole), S-(4-
methoxybenzyl)thiopseudourea, hydrochloride (1.87 g.,
8 mmole), and sodium acetate (0.67 g., 8 mmole) in
dimethylformamide (10 ml.) is stirred at 70° for 4 hours.
The cooled mixture is diluted with ether and washed
with water, sodium bicarbonate, and brine. The dried
solution is evaporated to give 2.85 g. of an impure oil.
Flash chromatography using ethyl acetate:hexanes (1:3)
gives 2.0 g. of 1,4-dihydro-2-[[(4-methoxyphenyl)me-
thyl]thio}-4-(3-methoxyphenyl)- - 6-methyl-5-
pyrimidinedicarboxylic acid, ethyl ester as an oil.

b)
2-[[(4-Methoxyphenyl)methyl]thio]-6-(3-methoxy-
phenyl)-4-methyl-1,5(6H)-pyrimidinedicarboxylic acid, -
diethyl ester

A cold solution of the ethyl ester product from part
(a) (2.0 g., 4.7 mmole) and pyridine (0.78 ml., 9 mmole)
in dichloromethane (15 ml.) is treated dropwise with
ethyl chloroformate (0.64., 5.8 mmole) and stirred at
room temperature for 24 hours. The solution is diluted
with ether and washed with water, IN hydrochloric
acid, sodium bicarbonate, and brine. The dried solution
Is evaporated to give 1.95 g. of 2-[[(4-methoxyphenyl)-
methyl]thio]-6-(3-methoxyphenyl)-4-methyl-1,5(6H)-
pyrimidinedicarboxylic acid, diethyl ester as an oil
which gradually solidifies; m.p. 79°-81°.

Anal. calc’d. for Cy6H3oN206S: C, 62.62: H, 6.06; N,
2.61. Found: C, 62.55; H, 6.08; N, 5.63.

c)
3,6-Dihydro-4-methyl-6-(3-methoxyphenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, diethyl ester

A solution of the diethyl ester product from part (b)
(1.95 g., 3.9 mmole), trifluoroacetic acid (1.14 ml., 13.2
mmole) and ethanethiol (0.5 g., 8 mmole) in dichloro-
methane (20 ml.) is stirred at room temperature for 16
hours. The solvent is evaporated and the oil residue is
dissolved in isopropyl ether, then cooled to crystallize
0.8 g. of cream colored 3,6-dihydro-4-methyl-6-(3-
methoxyphenyl)-2-thioxo-1,5(2H)-pyrimidinedicar-
boxylic acid, ethyl ester; m.p. 107°-109°. TLC (silica
gel; ethyl acetate:hexanes, 1:2 Ry=0.30.

Anal. calc’d. for C1gH22N20sS: C, 57.12: H, 5.85: N,
1.40; S, 8.47. Found: C, 57.05; H, 5.76; N, 7.46; S, 8.33.
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EXAMPLE 66

3,6-Dihydro-4-methyl-6-[3-(phenylmethoxy)phenyl]-2-
thioxo-1,5(2H)-pyrimidinedicarboxylic acid, diethyl
| - ester
| a)
1,4-Dihydro-2-[[(4-methoxyphenyl)methyl]thio}-6-
methyl-4-[3-(phenylmethoxy)phenyl]-S-pyrimidinecar-
boxylic acid, ethyl ester

A mixture of 2-[[3-(phenylmethoxy)phenyljme-

thylene]-3-oxobutanoic acid, ethyl ester (2.0 g., 6.1
mmole), S-(4-methoxybenzyl)thiopseudourea, hydro-
chloride (1.4 g., 6.1 mmole) and sodium acetate (0.52 g.,
6.1 mmole) in dimethylformamide (10 ml.) 1s stirred and
heated at 70° for 6 hours. The cooled mixture 1s diluted
with ether and washed with water, sodium bicarbonate,
and brine. The dried solution is evaporated to give 3.0 g.
of an oil. Flash chromatography using ethyl acetate:-
hexanes (1:3) give 1.76 g. of 1,4-dihydro-2-[[(4-methox-
yphenyl)methyl]thio}-6-methyl-4-[3-(phenylmethoxy)-
phenyl]-5-pyrimidinecarboxylic acid, ethyl ester as an
otl.

b)
2-[[(4-Methoxyphenyl)methyl]thio]-4-methyl-6-[3-
(phenylmethoxy)phenyl}-1,5(6H)-pyrimidinedicarboxy-
lic acid, diethyl ester

A cold solution of the ethyl ester product from part
(a) (1.76 g., 3.5 mmole) and pyrndine (0.58 ml., 7.1
mmole) in dichloromethane (15 ml.) is treated dropwise
with ethyl chloroformate (0.48 g., 44 mmole) and
stirred at room temperature for 24 hours. The solution is
then diluted with ether and washed with water, IN
hydrochloric acid, sodium bicarbonate, and brine. The
dried solution is evaporated to give 1.76 g. of 2-[[(4-
methoxyphenyl)methyl]thio]-4-methyl-6-[3-(phenylme-
thoxy)phenyl]-1,5(6H)-pyrimidinedicarboxylic  acid,
diethyl ester as an oil.

Anal. calc’d. for C3:H34N>O6S: C, 66.87; H, 5.96; N,
4.87. Found: C, 66.70; H, 6.17; N, 4.71.

C)
3,6-Dihydro-4-methyl-6-[3-(phenylmethoxy)phenyl]-2-
thioxo-1,5(2H)-pyrimidinedicarboxylic acid, diethyl
ester

A solution of the diethyl ester product from part (b)
(1.87 g., 3.2 mmole), trifluoroacetic acid (0.94, 11.4
mmole), ethanethiol (0.49 ml., 3.7 mmole) in dichloro-
methane (20 ml.) is stirred at room temperature for 16
hours. The solvent is evaporated to give 2.0 g. of an oil.
Flash chromatography using ethyl acetate:hexane (1:4)
gives 0.95 of yellow solid 3,6-dihydro-4-methyl-6-{3-
(phenylmethoxy)phenyl]-2-thioxo-1,5(2H)-
pyrimidinedicarboxylic acid, diethyl ester, m.p.
119°-121°. TLC (silica gel; ethyl acetate: hexanes, 1:2)
R=0.30. |

Anal. calc’d. for C4HasN2OsS: C, 63.55; H, 5.55; N,

6.17; S, 7.06. Found: C, 63.23; H, 5.70; N, 6.06; S, 6.82.
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EXAMPLE 67

3,6-Dihydro-4-methyl-6-(3-chlorophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, diethyl ester
a)
1,4-Dihydro-6-methyl-4-(3-chlorophenyl)-2-[[(4-
methoxyphenyl)methyl]thio]-5-pyrimidinecarboxylic
acid, ethyl ester

A mixture of 2-[(3-chlorophenyl)methylene]-3-
oxobutanoic acid, ethyl ester (2.0 g., 7.9 mmole), S-(4-
methoxyphenyl)thiopseudourea, hydrochloride (1.84
g., 7.9 mmole), and sodium acetate (0.66 g., 7.9 mmole)

~1n dimethylformamide (10 ml.) is heated at 70° for 6
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hours. After cooling, ether is added followed by wash-
ing with water, sodium bicarbonate, and brine. The
dried solution is evaporated to give 3.1 g. of an oil.
Flash chromatography using ethyl acetate:hexanes (1:4)
gives 2.0 g. of 1,4-dihydro-6-methyl-4-(3-chloro-
phenyl)-2-[[(4-methoxyphenyl)methyl]thio]-5-
pyrimidinecarboxylic acid, ethyl ester as a yellow oil.

Anal. calc’d. for Cy;H33N203CIS: C, 61.45; H, 5.15;
N, 6.51. Found: C, 61.18; H, 5.43; N, 6.34.

b)
2-[[(4-Methoxyphenyl)methyl]thio}-4-methyl-6-(3-
chlorophenyl)-1,5(6H)-pyrimidinedicarboxylic acid,

) diethyl ester

A cold solution of the ethyl ester product from part
(@) (2.0 g., 4.6 mmole) and pyridine (0.76 ml, 9.3
mmole) in dichloromethane (15 ml.) is treated dropwise
with ethyl chloroformate (0.48 g., 4.4 mmole) and
stirred at room temperature for 24 hours. The solution is
diluted with ether and washed with water, IN hydro-
chloric acid, sodium bicarbonate, and brine. The dried
solution is evaporated to give 1.87 g. of 2-[[(4-methoxy-

. phenyl)methyl]thio]-6-(3-chlorophenyl)-1,5(6H)-

435
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pyrimidinedicarboxylic acid, diethyl ester as an oil.
“Anal. calc’d. for CasH27N205CIS: C, 66.87; H, 5.96;
N, 4.87. Found: C, 66.70; H. 6.17; N, 4.71.

C) S
3,6-Dihydro-4-methyl-6-(3-chlorophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, diethyl ester

A solution of the diethy! ester product from part (b)
(2.1 g., 4.1 mmole), trifluoroacetic acid (1.2 ml., 14.5
mmole), and ethanethiol (0.52 g., 16 mmole) in dichloro-
methane (20 ml.) is stirred at room temperature for 16
hours. The solvent is evaporated and the oil residue is
dissolved in isopropyl ether (20 ml.), then cooled in an
ice bath to_crystallize 1.0 g. of cream colored 3,6-dihy-
dro-4-methyl-6-(3-chlorophenyl)-2-thioxo-1,5(2H)-

pyrimidinedicarboxylic acid, diethyl ester; m.p.

'95°-97°. TLC (silica gel; ethyl acetate: hexanes, 1:2)

R~=0.40.

Anal. calc’d. for C17H19N2ClO4S: C, 53.32; H, 5.00;
N, 7.31; C], 9.25; S, 8.37. Found: C, 53.34; H, 5.01; N,
7.23; Cl, 9.19; S, 8.09. |
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EXAMPLE 68

3,6-Dihydro-6-(3-cyanophenyl)-4-methyl-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, diethyl ester

. a)
1,4-Dihydro-2-[[-(4-methoxyphenyl)methyl]thio}-6-

methyl-4-(3-cyanophenyl)-5-pyrimidinecarboxylic acid,
- ethyl ester

A mixture of 2-[(3-cyanophenyl)methylene]-3-
oxobutanoic acid, ethyl ester (2.6 g., 10.7 mmole), S-(4-
methoxybenzyl)thiopseudourea, hydrochloride (2.5 g.,
10.7 mmole), and sodium acetate (0.84 g., 10.7 mmole)
in dimethylformamide (12 ml.) is stirred and heated at
70° for 6 hours. The cooled mixture is diluted with ether
and washed with water, sodium bicarbonate, and brine.
‘The dried solution is evaporated to give 4.2 g. of an oil.
Flash chromatography using ethyl acetate:hexanes (1:2)
gives 2.0 g. of an oil. Trituration with isopropyl ether
gives 1.6 g. of cream colored solid 1,4-dihydro-2-[[(4-
methoxyphenyl)methyljthiol-6-methyl-4-(3-cyano-
phenyl)-5-pyrimidinecarboxylic acid, ethyl ester; m.p.
124°-126°. TLC (silica gel; ethyl acetate: hexane, 1:1)
Rr=0.55.

Anal. calc’d for Co3H3N3038S: C, 65.53; H, 5.49; N,
9.96; S, 7.60. Found: C, 65.62; H, 5.52; N, 9.82: S, 7.60.

b)
2-[[(4-Methoxyphenyl)methyl]thio]-4-methyl-6-(3-
‘cyanophenyl)-1,5(6H)-pyrimidinedicarboxylic acid,
diethyl ester

A cold solution of the ethyl ester product from part
(a) (1.25 g., 2.9 mmole) and pyridine (0.5 ml., 6.0
mmole) in dichloromethane (15 ml.) is treated dropwise
with ethyl chloroformate (0.39 g., 3.6 mmole) and
stirred at room temperature for 4 hours. Ether is added
and the solution 1s washed with water, IN hydrochloric
acid, sodium bicarbonate, and brine. The dried solution
1s evaporated to give 1.45 g. of 2-[[(4-methoxyphenyl)-
methyl]thio]-4-methyl-6-(3-cyanophenyl)-1,5(6H)-
pyrimidinedicarboxylic acid, diethyl ester as an oil
which slowly solidifies; m.p. 85°-87°. |

Anal. calc’d. for Ca6H7N305S: C, 63.26; H, 5.51; N,
8.51. Found: C, 63.25; H, 5.54; N, 8.57.

c)
3,6-Dihydro-6-(3-cyanophenyl)-4-methyl-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, diethyl ester

A solution of the diethyl ester product from part (b)
(1.4 g., 2.8 mmole), trifluoroacetic acid (0.9 ml., 10
mmole), and ethanethiol (0.39 g., 6.2 mmole) in dichlo-
romethane (15 ml.) is stirred at room temperature for 16
hours. The solvent is evaporated and the oil residue is
dissolved in isopropyl ether, then quickly filtered to
remove a small amount of insoluble material. The fil-
trate gives 0.74 g. of yellow solid 3,6-dihydro-6-(3-
cyanophenyl)-4-methyl-2-thioxo-1,5(2H)-
pyrimidinedicarboxylic acid, diethyl ester; m.p.
155°-156°. TLC (silica gel; ethyl acetate:hexanes, 1:1)
R=0.45.

Anal. calc’d. for CigsH19N304S: C, 57.89;: H, 5.12: N,
11.25; S, 8.58. Found C, 58.14; H, 5.23; N, 11.10; S, 8.44,
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EXAMPLE 69

3,6-Dihydro-4-methyl-6-(3-methylphenyl)-2-thioxo-
1,512H)-pyrimidinedicarboxylic acid, diethyl ester

a)
1,4-Dihydro-2-[[(4-methoxyphenyl)methyl]thio]-6-
methyl-4-(3-methylphenyl]-5-pyrimidinecarboxylic
acid, ethyl ester

A mixture of S-(4-methoxybenzyl)thiopseudourea,
hydrochloride (2.5 g., 10.7 mmole), 2-[(3-methyl-
phenyl)methylene]-3-oxobutanoic acid, ethyl ester (2.5
g, 10.7 mmole] and sodium acetate (0.84 g., 10.7
mmole) in dimethylformamide (12 ml.) is stirred and
heated at 70° for 6 hours. After cooling, ether is added
followed by water, sodium bicarbonate, and brine. The
dried solution is evaporated to give 4.4 g. of an impure
oilly product. Flash chromatography using ethyl ace-
tate: hexane (1:4) gives 2.5 g. of 1,4-dihydro-2-[[(4-
methoxyphenyl)methyljthio}-6-methyl-4-(3-methyl-
phenyl)-5-pyrimidinecarboxylic acid, ethyl ester as an
oil which slowly solidifies; m.p. 65°-67°.

Anal. calc’d. for C3H6N203S: C, 67.28; H, 6.38: N,
6.82. Found: C, 67.44; H, 6.52; N, 6.72.

b)
2-[[i4-Methoxyphenyl)methyl]thio]-4-methyl-6-(3-
methyiphenyl)-1,5(6H]-pyrimidinedicarboxylic acid,
diethyl ester

A cold solution of the ethyl ester product from part
(a) (2.0 g., 4.8 mmole) and pyridine (0.8 ml., 9.6 mmole)
in dichloromethane (15 ml.) is treated dropwise with
ethyl chloroformate (0.6 g., 5.9 mmole) and stirred at
room temperature for 4 hours. Ether is added followed
by washing with water, IN hydrochloric acid, sodium
bicarbonate, and brine. The dried solution is evaporated
to give 1.7 g. of yellow solid 2-[[(4-methoxyphenyl)me-
thyljthio]-4-methyl-6-(3-methyl-phenyl)-1,5(6H)-
pyrimidinedicarboxylic acid, diethyl ester.
100°-102°,

Anal. calc’d. for Co¢H30N205S: C, 64.70; H, 6.26; N,
5.80. Found: C, 64.97; H, 6.59; N, 5.45.

C)
3,6-Dihydro-4-methyl-6-(3-methylphenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, diethyl ester

m.p.

A solution of the diethyl ester product from part (b)
(1.6 g., 3.3 mmole), trifluoroacetic acid (0.99 ml., 11
mmole), and ethanethiol (0.43 g., 6.8 mmole) in dichlo-
romethane (15 ml.) is stirred at room temperature for 48
hours. The solvent is evaporated and the oil residue is
dissolved in isopropyl ether to crystallize 0.77 g. of
yellow solid 3,6-dihydro-4-methyl-6-(3-methylphenyl)-
2-thioxo-1,5(2H)-pyrimidinedicarboxylic acid, diethyl
ester; m.p. 93°-95°. TLC (silica gel; ethyl acetate:hex-
ane, 1:1) R=0.55. -

Anal. calc’d. for C1sH22N204S: C, 59.64: H, 6.1 I: N,
1.73; S, 8.84. Found: C, 59.57; H, 6.00; N, 7.62; S, 8.60.
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EXAMPLE 70

3,6-Dihydro-4-methy]-6-(2-'methylphenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, diethyl ester

a)
1,4-Dihydro-2-{[(4-methoxyphenyl)methyl]thio]-6-
methyl-4-(2-methylphenyl)-5-pyrimidinedicarboxylic

acid, ethyl ester -

A mixture of 2-[(2-methylphenyl)methylene]-3-
oxobutanoic acid, ethyl ester (6.0 g., 25.8 mmole), S-(4-
methoxybenzyl)thiopseudourea, hydrochloride (6.0 g.,
25.8 mmole) and sodium acetate (2.12 g., 25.8 mmole) in
dimethylformamide (50 ml.) is stirred and heated at 70°
for 4 hours. The cooled mixture is diluted with ether
and washed with water, sodium bicarbonate, and brine.
The dried solution is evaporated to give 9.6 g. of 1,4-
dihydro-2-[[(4-methoxyphenyl)methyl]thio}-6-methyl-
4-(2-methylphenyl)-5-pyrimidinecarboxylic acid, ethyl
ester as an oil. |

b)
2-[[(4-methoxyphenyl)methyl]thio]-4-methyl-6-(2-
methylphenyl)-1,5(6H)-pyrimidinedicarboxylic acid,

| diethyl ester

A cold solution of the ethyl ester product from part
(a) (2.0 g., 4.9 mmole) and pyridine (0.8 ml., 10.4
mmole) in dichloromethane (20 ml.) is treated dropwise
with a solution of ethyl chloroformate (0.64 g., 5.8
mmole) in dichloromethane (3 ml.) and stirred for 4

hours at room temperature. Dichloromethane is added

and the solution 1s washed with water, 1N hydrochloric
acid, sodium bicarbonate, and brine. The dired solution
is evaporated to an oil which slowly solidifies. Tritura-
tion with ether gives 1.25 g. of cream colored solid
2-[[(4-methoxyphenyl)methyl]thio]-4-methyl-6-(2-
‘methylphenyl)-1,5(6H)-pyrimidinedicarboxylic
diethyl ester; m.p. 118°-120°,

Anal. calc’d. for Cr¢H3oN205S: C, 64.70; H, 6.26: N,
5.80. Found: C, 64.80; H, 6.28; N, 6.09.

C) -
3,6-Dihydro-4-methyl-6-(2-methylphenyl)-2-thioxo--
1,5(ZH)-pyrimidinedicarboxylic, acid diethyl ester

A solution of the diethyl ester product from part (b)
(1.25 g., 2.6 mmole), trifluoroacetic acid (1.0 ml., 12.9
mmole) and ethanethiol (0.39 g., 6 mmole) in dichloro-
methane (20 ml.) is stirred at room temperature for 48
hours. The solvent is evaporated and the oil residue is
dissolved in isopropyl ether (10 ml.) to slowly crystal-
lize 0.57 g. of cream colored solid 3,6-dihydro-4-meth-
yl-6-(2-methylphenyl)-2-thioxo-1,5(2H)-
pyrimidinedicarboxylic acid, diethyl ester; m.p.
112°-114°. TLC (silica gel; ethyl acetate: hexane, 1:1)
Rr=0.55.

Anal. calc’d. for CigH22N704S: C, 59.64; H, 6.11; N,
1.73; S, 8.84. Found: C, 59.45; H, 6.17; N, 7.66; S, 8.85.

- EXAMPLE 71

3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, 1-ethyl-5-methyl
ester
| a) |
1,4-Dihydro-2-[[(4-methoxyphenyl)methyl]thio]-6-
methyl-4-(3-nitrophenyl)-5-pyrimidinecarboxylic acid,
methyl ester |

acid,

A solution of 2-[(3-nitrophenyl)methylene]-3-
oxobutanoic acid, methyl ester (5.0 g., 0.02 mole) in
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dimethylformamide (20 ml.) under argon at room tem-
perature is treated with S-(4-methoxybenzylthiop-
seudourea hydrochloride (4.65 g., 0.02 mole) in one
portion. The mixture is then heated at 65° for 3 hours.
Upon cooling, the mixture is diluted with ethyl acetate
and washed with water (twice), aqueous sodium bicar-
bonate, and saturated brine. The aqueous fractions are
back-extracted with fresh ethyl acetate. The combined
organic fractions are dried (magnesium sulfate) and
concentrated in vacuo to give 9.0 g. of crude product.
Crystallization from acetone/isopropyl ether gives 6.8
g. of 1,4-dihydro-2-[[(4-methoxyphenyl)methyl]thio)-6-
methyl-4-(3-nitrophenyl)-5-pyrimidinecarboxylic acid,
methyl ester; m.p. 125°-127.5°. TLC (silica gel; ethyl
acetate:hexanes, 1:1) R/=0.48.

Anal. calc’d. for Cy1H2i1N30sS: C, 59.00; H, 4.95; N,
9.83; §, 7.50. Found: C, 58.86; H, 4.82; N, 9.51: S, 7.25.

b)
2-[[(4-Methoxyphenyl)methyl]thio]-4-methyl-6-(3-
nitrophenyl)-1,5(6H)-pyrimidinedicarboxylic acid,

| l1-ethyl 5-methyl ester

A solution of the methyl ester from part (a) (1.0 g., 2.4
mmole) in dichloromethane (10 ml.) under argon at
0°-5° is treated with pyridine (0.6 ml., 7.6 mmole) and
ethyl chloroformate (0.44 ml., 4.6 mmole). The reaction
mixture is then stirred at room temperature for 4 hours.
The mixture is diluted with ether and washed with
water, IN hydrochloric acid, and water (ether solution
1s filtered to remove a small amount of insolubles) and
then washed with aqueous sodium bicarbonate, water
and saturated brine. The organic fraction is dried over
anhydrous magnesium sulfate and concentrated in
vacuo to give 1.58 g. of crude product. Flash chroma-
tography eluting with ethyl acetate:hexane (1:4) gives
740 mg. of the desired product. Trituration with hexane:
isopropyl ether gives 590 mg. of 2-[[(4-methoxy-

phenyl)methyl]thio}-4-methyl-6-(3-nitrophenyl)-

1,5(6H)-pyrimidinedicarboxylic acid, 1-ethyl 5-methyl
ester; m.p. 99°-104°. TLC (silica gel; ethyl acetate:hex-
anes) Ry=0.54. |

Anal. calc’d. for Ca¢H5N306S: C, 37.70; H, 5.04;: N,
8.41; §, 6.42, Found: C, 57.84; H, 5.12; N, 8.43; S, 6.38.

c)
3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, 1-ethyl S-methyl
ester

A solution of the diethyl ester product from part (b)
(580 mg., 1.16 mmole) in dichloromethane (8 ml.) under
argon at room temperature is treated with trifluoroace-
tic acid (0.3 ml., 0.42 g., 3.8 mmole) and ethanethiol (0.2
ml.,, 0.16 g., 2.7 mmole) overnight. The volatiles are
removed In vacuo and the residue is triturated with
isopropyl ether/hexane to give 430 mg. of yellow pow-
der. Crystallization from chloroform/acetone/isopro-
pyl ether gives 380 mg. of 3,6-dihydro-4-methyl-6-(3-
nitrophenyl)-2-thioxo-1,5(2H)-pyrimidinedicarboxylic
acid, 1-ethyl 5-methyl ester as a light yellow powder;
m.p. 163°-165°. TLC (silica gel; ethyl acetate:hexane,
1:1) Ry=0.45.

Anal. calc’d. for Ci¢H17N306S: C, 50.65; H, 4.52: N,
11.08; S, 8.45. Found: C, 50.72; H, 4.53; N, 10.86: S,
8.18.
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EXAMPLE 72

3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, S-ethyl 1-methyl
ester

a)
1,4-Dihydro-2-[[(4-methoxyphenyl)methyl]thio]-6-
methyl-4-(3-nitrophenyl)-5-pyrimidine-carboxylic acid,
ethyl ester

A mixture of 2-[(3-nitrophenyl)methylene]-3-
oxobutanoic acid, ethyl ester (13.58 g., 51 mmole), S-(4-
methoxybenzyl)thiopseudourea, hydrochlonide (12.0 g.,
51 mmole), and sodium acetate (4.18 g., S1 mmole) in
dimethylformamide (90 ml.) is stirred and heated at 70°
for 4 hours. After cooling, ether 1s added followed by
washing with water, sodium bicarbonate and brine. The
dried solution is evaporated to give an oil which 1s
treated with isopropyl ether to give 18.8 g. of cream
colored solid 1,4-dihydro-2-[[(4-methoxyphenyl)me-
thyl}-thio]-6-methyl-4-(3-nitrophenyl)-5-pyrimidinecar-
boxylic acid, ethyl ester; m.p. 95°-97°. TLC (silica gel;
ethyl acetate:hexane, 1:1) Ry=0.50. -

Anal. calc’d. for C22H23N305S: C, 59.84; H, 5.25; N,
9.51; S, 7.26 Found: C, 59.90; H, 5.26; N, 9.58; S, 7.34.

b)
2-[[(4-Methoxyphenymethyljthio]-4-methyl-6-(3-
nitrophenyl)-1,5(6H)-pyrimidinedicarboxylic acid,

5-ethyl 1-methyl ester

A solution of the ethyl ester product from part (a) (1.0
g., 2.27 mmole) in dichloromethane (6 ml.) and pyridine
(0.5 ml.) 1s cooled to 0° under argon and treated drop-
wise with methyl chloroformate (0.26 ml., 3.37 mmole).
After the addition is completed, the cooling bath is
removed and the reaction is stirred at room temperature
for 1 hour. The yellow reaction solution is diluted with
ethyl acetate and washed with water, 0.5N hydrochlo-
ric acid, sodium bicarbonate, and brine. After drying
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over anhydrous magnesium sulfate, the solvent 1s

stripped to give 1.10 g. of 2-[[(4-methoxyphenyl)me-
thyljthio]-4-methyl-6-(3-nitrophenyl)-1,5(6H)-
pyrimidinedicarboxylic acid, 5-ethyl 1-methyl ester as a
yellow thick oil.

c)
3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, S-ethyl 1-methyl
ester

The ester product from part (b) (1.10 g.) 1s dissolved
in dichloromethane (5§ ml.) and treated with trifluoro-
acetic acid (1.0 ml.) and ethanethiol (0.5 ml.). The reac-
tion is stirred at room temperature overnight and the
solvent is evaporated. The residue is coevaporated with
toluene twice and the product is crystallized from di-
chloromethane-isopropyl ether to give 750 mg. of yel-
low solid 3,6-dihydro-4-methyl-6-(3-nitrophenyl)-2-thi-
oxo-1,5(2H)-pyrimidinedicarboxylic acid, 5-ethyl 1I-
methyl ester; m.p. 149.5°-151°. TLC (silica gel; ethyl
acetate:hexanes, 40:60) Ry=0.35.

Anal. calc’d. for CigH17N306S: C, 50.65;: H, 4.52; N,
11.08; S, 8.45. Found: C, 50.63; H, 4.44; N, 11.04; S,
8.21.
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EXAMPLE 73

3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, 1-(1-methylethyl)
J-tnethyl ester

a)
2-[[(4-Methoxyphenyl)methyl]thio]-4-methyl-6-(3-
nitrophenyl)-1,5(6H)-pyrimidinedicarboxylic acid,

1-(1-methylethyl) S-methyl ester

1,4-Dihydro-2-[[(4-methoxyphenyl)methyl}thio]-6-

methyl-4-(3-nitrophenyl)-5-pyrimidinecarboxylic acid,
methyl ester (4.2 g., 9.8 mmole) is dissolved in dry di-
chloromethane (20 ml.) at 0° under nitrogen. Bis(trime-
thylsilyl)tnfluoroacetamide (1.1 eq.,, 2.87 ml., 10.8
mmole) 1s added dropwise. After 30 minutes, a precipi-
tate forms in the reaction mixture. Pyridine (1.1 eq., 0.87
ml., 10.8 mmole) is added followed by the dropwise
addition of 1sopropyl chloroformate (1.1 eq., 1.23 ml.,
10.8 mmole) in dichloromethane (5 ml.). The cooling
bath i1s removed and the mixture is stirred to room tem-
perature. After 1 hour, the precipitate is in solution. The
reaction mixture is poured into ethyl acetate (20 ml.)
and washed with sodium bicarbonate (10 ml.), sodium
dihydrogen phosphate (15 ml.), and brine. The mixture
1s dried over anhydrous magnesium sulfate, filtered, and
evaporated to give 6.51 g. of 2-[[(4-methoxyphenyl)me-
thyl]thio]-4-methyl-6-(3-nitrophenyl)-1,5(6H)-
pyrimidinedicarboxylic acid, 1-(1-methylethyl) 5-
methyl ester as an orange oil.

b)
3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, 1-(1-methylethyl)
5-methyl ester

The ester product from part (a) (6.51 g.) is dissolved
in dichloromethane (40 ml.) and treated with trifluoro-
acetic acid (4.0 ml.) and ethanethiol (1.45 ml., 19.6
mmole). The mixture 1s stirred overnight at room tem-
perature. The reaction mixture is diluted with dichloro-
methane (20 ml.) and washed with water (2 X40 ml.),
sodium bicarbonate (240 ml.), and sodium dihydro-
gen phosphate (240 ml.). The organic layer is dried
over anhydrous magnesium sulfate, filtered, and
stripped to give 5.28 g. of a yelow solid. This solid
product 1s recrystallized from aqueous acetonitrile to
give 2.62 g. of pale yellow solid 3,6-dihydro-4-methyl-6-
(3-nitrophenyl)-2-thioxo-1,5(2H)-pyrimidinedicarboxy-
ic acid, 1-(l1-methylethyl) S5-methyl ester; m.p.
197°-199°. TL.C (silica gel; ethyl acetate:hexanes, 1:2)
Rr=0.4.

Anal. calc’d. for C17H19N306S: C, 51.90; H, 4.87; N,
10.68; S, 8.15. Found: C, 52.01; H, 4.89; N, 10.68; S,
8.21.

EXAMPLE 74

3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,5(2ZH)-pyrimidinedicarboxylic acid, dimethyl ester

a)
2-[[(4-Methoxyphenyl)methyl]thio]-4-methyl-6-(3-
nitrophenyl)-1,5(6H)-pyrimidinedicarboxylic acid,

dimethyl ester

Bis(trimethylsilyl)trifluoroacetamide (2.87 ml., 10.8
mmole) 1s added to a solution of 1,4-dihydro-2-[[(4-
methoxyphenyl)methyl]thio]-6-methyl-4-(3-nitro-
phenyl)-5-pyrimidinecarboxylic acid, methyl ester (4.19
g., 9.8 mmole) in dry dichloromethane (20 ml.) at 0°.
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After 30 minutes, methyl chloroformate (0.83 ml., 10.8

mmole) in dichloromethane (3 ml.) is added droPWIse
followed by the addition of pyridine (0.87 ml.,,
mmole). The ice bath is removed and the reaction is
allowed to stir for 2 hours. The reaction is diluted with
ethyi acetate (20 ml.) and washed with saturated sodium
bicarbonate, sodium dihydrogen phosphate, and satu-
rated sodium chloride. The organic layer is dried over
anhydrous magnesium sulfate, filtered and stripped in
vacuo to give 5.3 g. of 2-[[(4-methoxyphenyl)me-
thyl]thio-4-methyl-6-(3-nitrophenyl)-1,5(6H)-
pyrimidinedicarboxylic acid, dimethyl ester as a pale
green gum.

b)
3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, dimethyl ester

The dimethyl ester product from part (a) (5.3 g.) is
dissolved in dichloromethane (45 ml.) at room tempera-
ture and treated with trifluoroacetic acid (4.5 ml.) and
ethanethiol (1.7 ml.). The reaction mixture is stirred for
18 hours and then poured into dichloromethane (20 ml.)
and washed with water (2 X350 ml.), saturated sodium
bicarbonate (50 ml.), and sodium dihydrogen phosphate
(50 ml.), dried over magnesium sulfate, filtered, and
stripped 1In vacuo to give 4.06 g. of yellow solid. Re-
crystalhzation from hexane/ether/isopropyl alcohol
gives 2.5 g. of a yellow solid. A second recrystallization
from ethanol/water gives 3,6-dihydro-4-methyl-6-(3-
nitrophenyl)-2-thioxo-1,5(2H)-pyrimidinedicarboxylic
acid, dimethyl ester as a yellow solid; m.p. 171.5°-173°.
TLC(silica gel; ethyl acetate:hexanes, 1:2) Rr=0.29.

Anal. calc’d. for CisHsN3OeS: C, 49.31: H, 4.14: N,
11.50; S, 8.77. Found: C, 49.30; H, 4.11; N, 1148; S,
8.55.

" EXAMPLE 75

3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, 5-ethyl
l-(l-methylethyl) ester

2- [(4-Methoxyphenyl)methyl]thlo-4~methyl 3-(3-nitro-
phenyl)-1,5(6H)-pyrimidinedicarboxylic acid S-ethy!
1-(1-methylethyl) ester

~ A solution of 1,4-dihydro-2-[[(4-methoxyphenyl)me-
thyljthio]-6-methyl-4-(3-nitrophenyl)-5-pyrimidinecar-
boxylic acid, ethyl ester (2.0 g., 4.5 mmole) in dichloro-
methane (20 ml.) containing pyridine (0.71 g., 9.1
mmole) is cooled to —10° and treated dropwise with a
solution of isopropyl chloroformate (0.66 g., 5.4 mmole)
in dichloromethane (3 ml.). After stirring at room tem-
perature for 16 hours, dichloromethane 1s added and the
solution is washed with water, IN hydrochloric acid,
sodium bicarbonate, and brine. The dried solution is
evaporated to give 2.6 g. of an oil. Flash chromatogra-
phy using dichloromethane gives 2.3 g. of 2-[[(4-
methoxyphenyl)methyljthio]-4-methyl-6-(3-nitro-
phenyl)-1,5(6H)-pyrimidinedicarboxylic amd S-ethyl
1-(1-methylethyl) ester as an oil.

b)
3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, 5-ethyl
1-(1-methylethyl) ester

A solution of the ester product from part (a) (2.2 g.,

4.1 mmole) in dichloromethane (25 ml.) is treated with
trifluoroacetic acid (1.5 ml.,, 19.5 mmole) and ethane-
~ thiol (0.61 g., 9.5 mmole). After stirring at room temper-

10.8
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ature overnight, the solvent is evaporated and the resi-
due 1s dissolved in isopropyl ether to crystallize 1.16 g.
of cream colored 3,6-dihydro-4-methyl-6-(3-nitro-

‘phenyl)-2-thioxo-1,5Q2H)-pyrimidinedicarboxylic acid,

5-ethyl 1(1-methyl-ethyl) ester; m.p. 150°-152°. TLC

~ (silica gel; ethyl acetate:hexanes, 1:2) R=0.30.
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Anal. calc’d for C1gH21N306S: C, 53.06; H, 5.19; N,

10.31; S, 7.86. Found: C, 53.13; H, 5.25; N 1015 S,
1.92.

EXAMPLE 76

3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, 1-methyl
5- (l—mcthylethyl) ester

a)
1,4-Dihydro-2-[[(4-methoxyphenyl)methyl]-thio]-6-
methyl-4-(3-nitrophenyl)-5-pyrimidinecarboxylic acid,
1-methylethyl ester, monohydrochloride

2-[(3-Nitrophenyl)methylene]-3-oxobutanoic  acid,
l-methylethyl ester (20 g., 72.4 mmole) and S-(4-
methoxybenzyl)thiopseudourea, hydrochloride (16.8 g.,
72.4 mmole) are. combined in dimethylformamide (70
ml.). Sodium acetate (5.9 g., 72.4 mmole) is added and
the mixture is heated at 60° for 16 hours. The mixture is
diluted with ether and filtered, washed with water
(2X 100 ml.), saturated sodium bicarbonate (2<100
ml.), and saturated sodium chloride, dried over anhy-
drous magnesium sulfate, filtered and stripped in vacuo
to give an oil. This product is taken up in ether (200 ml.)
and treated dropwise with methanol hydrochloric acid
(1 eq.). The white salt is collected by filtration, washed
thoroughly with ether, and dried to give 33.99 g. of
1,4-dihydro-2-[[(4-methoxyphenyl)methyl]thio]-6-
methyl-4-(3-nitrophenyl)-5-pyrimidinecarboxylic acid,
I-methylethyl ester, monohydrochloride.

b)
2-[(4-Methoxyphenyl)methyl]thio]-4-methyl-6-(3-nitro-
phenyl)-1,5 6H)-pyrimidinedicarboxylic acid,
J-(1-methylethyl 1-methyl ester

The free base of the ester product from part (a) (5.27
g., 11.6 mmole) is dissolved in dichloromethane (25 ml.)
and cooled to 0° under argon. Bis(trimethylsilyl)tri-
fluoroacetamide (3.38 ml., 12.8 mmole) is added and the
reaction is stirred for 30 minutes at 0°. Pyridine (1.03
ml., 12.8 mmole) is then added, followed by the drop-
wise addition of methyl chloroformate (10 ml., 12.8
mmole) in dichloromethane (15 ml.). The reaction mix-

‘ture is stirred for one hour at 0° and then the ice bath is

removed. After stirring for 3 hours at room tempera-
ture, ethyl acetate (75 ml.) is added and the reaction is
washed with sodium bicarbonate (2X 150 ml.), sodium
dihydrogen phosphate (2 X150 ml.), and saturated so-
dium chloride (2 X 100 ml.), dried over magnesium sul-
fate, and stripped in vacuo to give 7.52 g. of 2-[[(4-

5-(1-

methoxyphenyl)methyljthio]-4-methyl-6-(3-nitro-

phenyl)-1,5(6H)-pyrimidinedicarboxylic
methylethyl 1-methyl ester.

c)
3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-

1,5(2H)-pyrimidinedicarboxylic acid, 5-(1-methylethyl
1-methyl ester

The ester product from part (b) (7.42 g.) is dissolved
in dichloromethane (50 ml.) and treated with trifluoro-
acetic acid (5 ml.) and ethanethiol (1.5 ml.). The reac-

acid,
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tion 1s stirred at room temperature for 16 hours, and
then dichloromethane (50 ml.) is added. The organic
layer is washed with water (2 X150 ml.), saturated so-
dium bicarbonate (2150 ml.), saturated sodium car-
bonate (100 ml.), sodium dihydrogen phosphate (100
ml.), and saturated sodium chloride (100 ml.), dreid
over magnesium sulfate, and evaporated in vacuo to
give 6.31 g. of product as an oil. Crystallization from
ethyl acetate: hexanes gives 3.2 g. of yellow solid 3,6-
dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-1,5(2H)-
pyrnimidinedicarboxylic acid, 5-(1-methylethyl I-methyl
ester; m.p. 130.5°-131.5°. TLC (silica gel; ethyl acetate:-
hexanes, 1:2) Rr=0.30.

Anal. calc’d. for C17Hi9N306S: C, 51.90; H, 4.83; N,
10.68; S, 8.15. Found: C, 51.91; H, 4.94; N, 10.52; S,
8.08.

EXAMPLE 77

3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, 1-ethyl
3-(1-methylethyl) ester

a)
2-[[(4-M-ethoxyphenyDmethyl}thio]-4-methyl-6-(3-
nitrophenyl)-1,5(6H]-pyrimidinedicarboxylic acid,

1-ethyl 5-(1-methylethyl)ester

1,4-Dihydro-2-[[(4-methoxyphenyl)methyl]thio]-6-

methyl-4-(3-nitrophenyl)-5-pyrimidinecarboxylic acid,
I-methylethyl ester (5.35 g., 11.7 mmole) is dissolved in
dichloromethane (25 ml.) and cooled to 0° under argon.
Bis(tnimethylsilyDtrifluoroacetamide (3.43 ml., 12.9
mmole) 1s added and the reaction is stirred for 30 min-
utes at 0°. Pynidine (1.04 ml., 12.9 mmole) is then added
followed by the dropwise addition of ethyl chlorofor-
mate (1.24 ml., 12.9 mmole) as a solution in dichloro-
methane (5 ml.). The reaction is stirred for one hour at
0° and then the ice bath is removed. After stirring for 3
hours at room temperature, ethyl acetate (75 ml.) is
added and the reaction is washed with sodium bicarbon-
ate (2 X150 ml.), sodium dihydrogen phosphate (2 X150
ml.), and saturated sodium chloride (2 X 100 ml.), dried
over anhydrous magnesium sulfate, and stripped in
vacuo to give 8.23 g. of 2-[[(4-methoxyphenyl)methyl]-
thio}-4-methyl-6-(3-nitrophenyl)-1,5(6H)-
pyrimidinedicarboxylic acid, 1-ethyl
thyl)ester as an oil.

5-(1-methyle-

b)
3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,5(2H)-pynmidinedicarboxylic acid, 1-ethyl
5-(1-methylethyl)ester

The ester product from part (a) (8.23 g.) is dissolved
in dichloromethane (50 ml.) and treated with trifluoro-
acetic acid (5 ml.) and ethanethiol (1.5 ml.). The reac-
tion is stirred at room temperature for 16 hours and then
dichloromethane (30 ml.) is added. The organic layer is
washed with water (2 X150 ml.), saturated sodium bi-
carbonate (2X 150 ml.), saturated sodium carbonate
(100 ml.), sodium dihydrogen phosphate (100 ml.), and
saturated sodium chloride (100 ml.), dried over anhy-
drous magnesium sulfate, and evaporated in vacuo to
give 7.71 g. of solid product. Crystallization from ethyl
acetate/hexane gives 3.87 g. of yellow solid 3,6-dihy-
dro-4-methyl-6-(3-nitrophenyl)-2-thioxo-1,5(2H)-
pyrimidinedicarboxylic acid, I-ethyl 5-(1-methyle-
thylester; m.p. 163.5°-165°. TLC (silica gel; ethyl
acetate:hexane, 1:2) R/=0.36.
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Anal. calc’d. for CigH21N306S: C, 53.06; H, 5.20; N,
10.31; S, 7.87. Found: C, 53.20; H, 5.03; N, 10.25; S,
7.79.

EXAMPLE 78

3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid,
bis(1-methylethyl) ester

a)
2-[[(4-Methoxyphenyl)methyl]thio]-4-methyl-6-(3-
nitrophenyl)-1,5(6H)-pyrimidinedicarboxylic acid,

bis(1-methylethyl) ester

1,4-Dihydro-2-[{(4-methoxyphenyl)methyl]thio]-6-
methyl-4-(3-nitrophenyl)-5-pyrimidinecarboxylic acid,
1-methylethyl ester (5.14 g., 11.3 mmole) is dissolved in
dichloromethane (25 ml.) and cooled to 0° under argon.
Bis(trimethylsilyDtrifluoroacetamide (3.0 ml., 12.4
mmole) is added and the reaction is stirred for 30 min-
utes at 0°. Pyridine (1.0 ml., 12.4 mmole) is then added
followed by dropwise addition of isopropyl! chlorofor-
mate (1.4]1 ml., 12.4 mmole) as a solution in dichloro-
methane (5 ml.). The reaction is stirred for one hour at
0° and then the ice bath is removed. After stirring for 3
hours at room temperature, additional isopropyl chloro-
formate (0.25 ml.) is added. After stirring for an addi-
tional hour at room temperature, ethyl acetate (75 ml.)
1s added and the reaction is washed with sodium bicar-
bonate (2X150 ml.), sodium dihydrogen phosphate
(2X100 ml.), and saturated sodium chloride (2100
ml.), dried over anhydrous magnesium sulfate, and
stripped in vacuo to give 8.45 g. of 2-[[(4-methoxy- ,.
phenyl)methyl]thio]-4-methyl-6-(3-nitrophenyl)-
1,5(6H)-pyrimidinedicarboxylic acid,
methylethyl) ester as an oil.

bis(1-

b)
3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid,
bis(1-methylethyl) ester

The ester product from part (a) (8.45 g.) is dissolved
in dichloromethane (50 ml.) and treated with trifluoro-
acetic acid (5 ml.) and ethanethiol (1.5 ml.). The reac-
tion is stirred at room temperature for 16 hours and then
dichloromethane is added (50 ml.). The organic layer is
washed with water (2 X150 ml.), saturated sodium bi-
carbonate (2X 150 ml.), saturated sodium carbonate
(100 ml.), and saturated sodium chloride (100 ml.), dried
over anhydrous magnesium sulfate, and evaporated to
give 7.71 g. of solid product. Crystallization from ethyl
acetate/hexane gives 3.34 g. of yellow solid 3,6-dihy-
dro-4-methyl-6-(3-nitrophenyl)-2-thioxo-1,5(2H)-
pyrimidinedicarboxylic acid, bis(1-methylethyl) ester:
m.p. 138°-138.5°. TLC (silica gel; ethyl acetate: hex-
anes, 1:2) Ry=0.35.

Anal calc’d. for C19H23N306S: C, 54.15; H, 5.50; N,
9.97; S, 7.61. Found: C, 54.18; H, 5.40; N, 9.96: S, 7.64.



5,202,330

69

EXAMPLE 79

3,6-Dihydr0-4~methyl-6-(3—nitrOphenyl)-Z-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, 5-ethyl
1-(phenylmethyl) ester

a)
2-[[(&Methoxyphenyl)methy]]thlo]-4—methy16-(3-mtro-
phenyl)-1,5)6H)-pyrimidinedicarboxylic acid, 5-ethyl

1-(phenylmethyl) ester

A solution of 1,4-dihydro-2-[[(4-methoxyphenyl)me-
thyl]thio}-6-methyl-4-(3-nitrophenyl)-5-pyrimidinecar-
boxylic acid, ethyl ester (2.0 g., 4.5 mmole) in dichloro-
methane (20 ml.) containing pyridine (0.71 g., 9.1
mmole) 1s cooled to —10° and treated slowly with a
solution of benzyl chloroformate (0.92 g., 5.4 mmole) in
dichloromethane (5 ml.). After stirring for 16 hours at
room temperature, the solution is diluted with dichloro-
methane and washed with water, IN hydrochloric acid,
sodium bicarbonate, and brine. The dried solution is
evaporated to give 2.8 g. of an oil. Flash chromatogra-
phy using dichloromethane yields 1.62 g. of 2-[[(4-
methoxyphenyl)methyl]thio]-4-methyl-6-(3-nitro-
phenyl)-1,5(6H)- pynmldmedlcarboxyhc acid, S-ethyl

1-(phenylmethyl) ester as an oil.
b)

3 ,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, 5-ethyl
1-(phenylmethyl) ester

A solution of the ester product from part (a) (1.5 g.,
2.6 mmole), trifluoroacetic acid (0.96 ml.,, 10 mmole)

and ethanethiol (0.40 g., 60 mmole) in dichloromethane
(20 ml.) is stirred at room temperature overnight. The
solvent is evaporated and the semi-solid residue (1.3 g.)
1s flash chromatographed using ethyl acetate:hexane
(1:4) to give an o1l which slowly solidifies to 0.55 g. of
yellow solid 3,6-dihydro-4-methyl-6-(3-nitrophenyl)-2-
thioxo-1,5(2H)-pyrimidinedicarboxylic acid, S5-ethyl
1-(phenylmethyl) ester; m.p. 122°-124°, TLC (silica gel;
ethy] acetate: hexanes, 1:1) R=0.50.

Anal. calc’d for CoH21N3O6S: C, 58.01; H, 4.64;: N,
9.22; S, 7.03. Found: C, 58.09; H, 4.57; N, 9.10; S, 7.06.

EXAMPLE 80

6-(2,3-Dich]omphenyl)-3,6—dihydr0-4-methyl-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid,
bis(1-methylethyl) ester

a)
4-(2,3-Dichiorophenyl)-1,4-dihydro-2-[[(4-methoxy-
phenyl)methyljthio}-6-methyl-5-pyrimidinecarboxylic
acid, 1-methylethyl ester

A mixture of 2-[(2,3-dichlorophenyl)methylene]-3-
oxobutanoic acid, 1-methylethyl ester (15.0 g., 0.049
mole), S-(4-methoxybenzyl)thiopseudourea hydrochlo-
ride (11.5 g., 0.049 mole), and sodium acetate (4.0 g.,

0.049 mole) in dimethylformamide (90 ml.) is stirred and

heated at 70° for 4 hours. After cooling, ether is added
followed by extraction with water, sodium bicarbonate,
and brine. The dried solution is evaporated to give 24.8
g. of an impure oily product. This material is flash chro-
~ matographed using ethyl acetate:haxane (1:3) to give
16.5 g. of an oil. A solution of this material in isopropyl
- ether yields 12.8 g. of colorless 4-(2,3-dichlorophenyl)-
1,4-dihydro-2-[[(4-methoxyphenyl)methyl]thio]-6-
methyl-5-pyrimidinecarboxylic acid, 1-methylethyl es-
ter; m.p. 98°-100°.
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Anal. calc’d. for C23H24N>CLO3S: C, 57.61; H, 5.04;

N, 5.84; S, 6.68. Found: C, 57.66; H, 5.02; N 3.75; §,

6.64.

b)
2-[[(4-Methoxyphenyl)methyl]thio]-4-methyl-6-(2,3-
dichloro)-1,5(6H)-pyrimidinedicarboxylic acdi,
bis(1-methylethyl) ester

A solution of the ester product from part (a) (3.0 g., 6
mmole) and pyridine (1.0 ml, 12 mmole) in dichloro-
methane (30 ml.) is cooled to 5° and treated dropwise
with a solution of isopropyl chloroformate (0.89 g., 7
mmole) in dichloromethane (3 ml.). Work-up according
to the procedure of Example 60 (b) gives 3.5 g. of cream
colored 2-[[(4-methoxyphenyl)methyl]thio]-4-methyl-6-
(2,3-dichlorophenyl)-1,5(6H)-pyrimidinedicarboxylic
acid, bis (1-methylethyl) ester; m.p. 87°-89°.

Anal. calc’d. for C7H3p0N2Cl1,0sS: C, 57.34; H, 5.34:
N, 4.95. Found: C, 57.06; H, 5.36; N, 4.91.

c)
6-(2,3-Dichlorophenyl)-3,6-dihydro-4-methyl-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid,

- bis(1-methylethyl) ester

A solution of the ester product from part (b) (3.25 g.,
>.7 mmole), trifluoroacetic acid (2.2 ml., 24 mmole), and
ethanethiol (0.85 g., 13 mmole) in dichloromethane (30
ml.) is stirred at room temperature for 24 hours. Work-

‘up according to the procedure of Example 63 (c) gives

2.0 g. of yellow solid 6-(2,3-dichlorophenyl)-3,6-dihy-
dro-4-methyl-2-thioxo-1,5(2H)-pyrimidinedicarboxylic
acid, bis(l-methylethyl) ester; m.p. 179°-181°. TLC
(silica gel; ethyl acetate: hexane I:1) R=0.60.

Anal. calc’d. for Ci9H73ClaN5>Q4S: C 51.35; H, 4.76;
N, 6.30; Cl, 15.95; S, 7.21. Found: C, 51.70; H, 5.10: N,
6.14; Cl, 15.79; S, 7.17.

EXAMPLE 81

6-(2,3-Dichlorophenyl)-3,6-dihydro-4-methyl-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, diethyl ester

a)
4-(2,3-Dichlorophenyl)-1,4-dihydro-2-[[(4-methoxy-
phenylmethyl]thio]-6-methyl-5-pyrimidinecarboxylic
acid, ethyl ester

A mixture of 2-[(2, 3-dlchlorophcnyl)methylene] 3-
oxobutanoic acid, ethyl ester (7.0 g., 24 mmole), S-(4-
methoxybenzyl)thiopseudourea, hydrochloride (5.7 g.,
24 mmole), and sodium acetate (2 g., 24 mmole) in di-
methylformamide (50 ml.) is stirred and heated at 70°
for 4 hours. After cooling, ether is added and the mix-
ture is washed with water, sodium bicarbonate, and
brine. The dried solution is concentrated until solids
appear, then cooled overnight to give 6.3 g. of colorless
solid 4-(2,3-dichlorophenyl)-1,4-dihydro-2-[[(4-methox-
yphenyl)methyl}thio]-6-methyl-5-pyrimidinecarboxylic
acid, ethyl ester; m.p. 134°-135°. TLC (silica gel; ethyl
acetate:hexanes, 1:1) Rr=0.50.

Anal. calc’d. for C22H22N2CL03S: C, 56.77; H, 4.76:;
N, 6.02; Cl, 15.23; S, 6.88. Found: C, 56.74; H, 4.69; N,
5.65; Cl 15.27; S, 6.87.

b)

- 2-[[(4-Methoxyphenyl)methyl]thio])-4-methyl-6-(2,3-

dichlorophenyl)-1,5(6H)-pyrimidinedicarboxylic acid,
diethyl] ester

A cold solution of the ester product from part (a) (2.0
g 4 mmole) in dichloromethane (20 ml.) containing
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pyridine (0.7 ml., 9 mmole) is treated dropwise with a

solution of ethyl chloroformate (0.56 g., 5 mmole) in

dichloromethane (3 ml.), then stirred at room tempera-
ture for 16 hours. The solution is diluted with dichloro-
methane and washed with water, 1N hydrochloric acid,
sodium bicarbonate, and brine. The dried solution is
evaporated to 2.2 g. of an oil which solidifies; m.p.
120-122. Crystallization from acetonitrile (12 ml.) gives
1.9 g. of yellow solid 2-[[(4-methoxyphenyl)methyl]thi-
0}-4-methyl-6-(2,3-dichlorophenyl)-1,5(6H)-
pyrimidinedicarboxylic acid, diethyl ester:
124°-126°.

Anal. calc’d. for CasHa6N2Clh0OsS: C, 55.86; H, 4.87:
N, 3.21. Found: C, 56.07; H, 4.87; N, 5.13. -

C)
6-(2,3-Dichlorophenyl)-3,6-dihydro-4-methyl-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, diethy] ester

m.p.

A solution of the diethyl ester product from part (b)
(1.9 g., 3.5 mmole), trifluoroacetic acid (1.3 ml., 16.8
mmole) and ethanethiol (0.52 g., 8 mmole) in dichloro-
methane (25 ml.) is stirred at room temperature for 24
hours. The solvent is evaporated and the oily residue
gradually solidifies. Trituration with isopropyl ether
gives 1.36 g. of yellow solid 6-(2,3-dichlorophenyl)-3,6-
dihydro-4-methyl-2-thioxo-1,5(2H)-pyrimidinedicar-
boxylic acid, diethy! ester; m.p. 155°-157°. TLC (silica
gel; ethyl acetate: hexane, 1:1) R=0.55.

Anal. calc’d for C17H3N2C1,04S: C,48.92; H, 4.34;
N, 6.71; Cl, 16.99; §, 7.68. Found: C, 49.07; H, 4.46; N,
6.99; Cl, 16.97; S, 7.70.

EXAMPLE 82

6-(2,3-Dichlorophenyl)-3,6-dihydro-4-methyl-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, 5-ethyl
1-(1-methylethyl) ester

a)
2-[[(4-Methoxyphenyl)methyljthio]-4-methyl-6-(2,3-
dichlorophenyl)-1,5(6H)-pyrimidinedicarboxylic acid,
J-ethyl 1-(1-methylethyl) ester

A cold solution of the ester product from Example 79
(a) (2.0 g., 4.3 mmole) in dichloromethane (20 ml.) con-
taining pyridine (0.7 ml., 9 mmole) is treated dropwise
with a solution of isopropyl chloroformate (0.63 g., 5.1
mmole) in dichloromethane (3 ml.) and then stirred at
room temperature for 24 hours. The solution is diluted
with dichloromethane and washed with water, IN hy-
drochloric acid, sodium bicarbonate, and brine. The
dried solution i1s evaporated to give 2.17 g. of cream
colored solid 2-[[(4-methoxyphenyl)methyl]thio]-4-
methyl-6-(2,3-dichlorophenyl)-1,5(6H)-
pyrimidinedicarboxylic acid, 5-ethyl 1-(1-methylethyl)
ester; m.p. 97°-99°, -

Anal. calc’d. for C;6H23N2CLOsS: C, 56.62; H, 5.11;
N, 5.08. Found: C, 56.74; H, 5.12; N, 5.11.

b) -
6-(2,3-Dichlorophenyl)-3,6-dihydro-4-methyl-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, 5-ethyl
1-(1-methylethyl) ester

A solution of the ester product from part (a) (1.88 g.,
3.4 mmole), trifluoroacetic acid (1.26 ml., 16 mmole),
and ethanethiol (0.52 g., 8 mmole) in dichloromethane
(25 ml.) is stirred at room temperature for 24 hours. The
solvent 1s evaporated and the solid residue is treated
with isopropyl ether to give 1.3 g. of product; m.p.
153-155. Crystallization from acetonitrile (10 ml.) yields
1.2 g. of yellow solid 6-(2,3-dichlorophenyl)-3,6-dihy-
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dro-4-methyl-2-thioxo-1,5(2H)-pyrimidinedicarboxylic
acid, 5-ethyl 1-(1-methylethyl) ester; m.p. 157°-159°.
TLC (silica gel; ethyl acetate:hexanes, 1:1) R/=0.55.

Anal. calc’d for C1gHoN2C1,04S: C, 50.11; H, 4.67;
N, 6.49; Cl, 16.43; S, 7.43. Found: C, 50.07; H, 4.69; N,
6.43; Cl, 1641; S, 7.42.

EXAMPLE 83

6-(2-Chloro-3-nitrophenyl)-3,6-dihydro-4-methyl-2-thi-
oxo-1,5(2H)-pyrimidinedicarboxylic acid, diethyl ester

a)
4-(2-Chloro-3-nitrophenyl)-1,4-dihydro-2-[[(4-methox-
yphenyl)methyljthio}-6-methyl-5-pyrimidinecarboxylic

acid, ethyl ester

A mixture of 2-[(2-chloro-3-nitrophenyl)methylene]-
3-oxobutanoic acid, ethyl ester (1.2 g., 4.3 mmole), S-(4-
methoxybenzyl)thiopseudourea, hydrochloride (1.0 g.,
4.3 mmole), and sodium acetate (0.36 g., 4.4 mmole) in
dimethylformamide (8 ml.) is stirred at 70° for 4 hours.
After cooling, ether is added and the solution is washed
with water, sodium bicarbonate, and brine. The dried
solution is evaporated to give 1.68 g. of a yellow solid.
Flash chromatography eluting with ethyl acetate:hex-
anes (1:2) gives 1.0 g. of yellow solid 4-(2-chloro-3-
nitrophenyl)-1,4-dihydro-2-[[(4-methoxyphenyl)me-
thyljthio]-6-methyl-5-pyrimidinecarboxylic acid, ethyl
ester; m.p. 155°-157°. TLC (silica gel; ethyl acetate:hex-
anes, 1:1) Ry=0.50.

Anal. calc’d. for C2oH2oN3ClOsS: C, 55.51: H, 4.65;
N, 8.82; Cl, 7.44; §, 6.73. Found: C, 55.48; H, 4.67;: N,
8.75; Cl, 7.24; S, 6.54.

b)
6-(2-Chloro-3-nitrophenyl)-2-[[(4-methoxypenyl)me-
thyljthio]-4-methyl-1,5(6H)-pyrimidinedicarboxylic

acid, diethyl ester

A cold solution of the ethyl ester product from part
(@) (2.16 g., 4.5 mmole) in dichloromethane (25 ml.)
containing pyridine (0.76 ml.) is treated dropwise with
ethyl chloroformate (0.60 g., 5.6 mmole) and then
stirred at room temperature for 16 hours. The solution is
diluted with ether and washed with water, 1IN hydro-
chloric acid, saturated sodium bicarbonate, and brine.
The dried solution is evaporated to give 2.27 g., of
6-(2-chloro-3-nitrophenyl)-2-[[(4-methoxyphenyl)me-
thyljthio]-4-methyl-1,5(6H)-pyrimidinedicarboxylic
acid, diethyl ester as an oil.

Anal. calc’d. for CasH26N3ClO4S: C, 54.79; H, 4.78:
N, 7.66. Found: C, 55.14; H, 4.99; N, 7.44.

c)
6-(2-Chloro-3-nitrophenyl)-3,6-dihydro-4-methyl-2-thi-
oxo-1,5(2H)-pyrimidinedicarboxylic acid, diethyl ester

A solution of the diethyl ester product from part (b)
(2.1 g., 3.8 mmole), trifluoroacetic acid (1.12 ml., 13
mmole), and ethanethiol (0.49 g., 7 mmole) in dichloro-
methane (20 ml.) is stirred at room temperature for 16
hours. The solvent is evaporated and the oil residue is
treated with hot isopropyl ether. The solvent is de-
canted from a small amount of insoluble oil. The cooled
solution gives 0.97 g. of yellow solid 6-(2-chloro-3-
nitrophenyl)-3,6-dihydro-4-methyl-2-thioxo-1,5(2H)-
pynmidinedicarboxylic acid, diethyl ester; m.p.
136°-138" (dec.). TLC (silica gel; ethyl acetate:hexanes,
1:1) R~=0.50.
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Anal. calc’d. for Ci7HgN3ClOgS: C, 47.72; H, 4.23;
N, 9.82; C], 8.28, S, 7.49. Found: C, 48.00, H, 4.33; N
9.51; Cl 8.11, S, 7.44.

EXAMPLE 84

6-(2-Chloro-3-nitrophenyl)-3,6-dihydro-4-methyl-2-thi-
0x0-1,5(2H)-pyrimidinedicarboxylic acid, 5-ethyl
1-(1-methylethyl) ester

a)
6-(2-Chloro-3-nitrophenyl)-2-[[(4-methoxyphenyl)me-
thyljthio]-4-methyl-1,5(6H)-pyrimidinecarboxylic acid,

S-ethyl 1-(1-methylethyl) ester

A solution of the ethyl ester product from Example
83 (a) (1.5 g., 3.15 mmole) in dry dichloromethane (10
ml.) under argon at 0°-5° is treated with pyridine (0.5
ml., 0.49 g., 6.2 mmole) and isopropyl chloroformate
(0.5 ml., 0.54 g., 44 mmole). The mixture 1s stirred
overnight at room temperature. The mixture is diluted
with ethyl acetate and washed with water, IN hydro-
chloric acid, water, sodium bicarbonate, water, and
saturated brine. The aqueous washes are back-extracted
with fresh ethyl acetate. The combined organic solu-
tions are dried over anhydrous magnesium sulfate and
concentrated in vacuo to give 1.87 g. of 6-(2-chloro-3-
nitrophenyl)-2-[[(4-methoxyphenyl)methyl]thio]-4-
methyl-1,5(6H)-pynmidinedicarboxylic acid, 5-ethyl
1-(1-methylethyl) ester, as an amber oil. TLC (silica gel;
ethyl acetate:hexanes, 1:1) Ry/=0.56.

Anal. calc’d. for C¢H23CIN3O9S: C, 55,56; H, 5.02;
N, 7.48; Cl, 6.31; S, 5.71. Found: C, 55.32; H, 4.87; N,
7.02; Cl, 6.29; S, 5.47.

b)
6-(2-Chloro-3-nitrophenyl)-3,6-dihydro-4-methyl-2-thi-
oxo0-1,5(2H)-pyrimidinedicarboxylic acid,5-ethyl
I-(1-methylethyl) ester

A solution of the ester product from part (a) (1.8 g.,
3.2 mmole) in dry dichloromethane (15 ml.) under
argon at room temperature is treated with trifluoroace-
tic acid (0.75 ml., 1.12 g., 9.6 mmole) and ethanethiol
(047 ml.,, 04 g., 6 4 mmole). The mixture 1s heated at
reflux for 2 hours. The volatiles are stripped in vacuo
and the residue is triturated with isopropyl ether to give
1.2 g. of product. Recrystallization from isopropyl
ether/dichloromethane gives 1.17 g. of light yellow
solid 6-(2-chloro-3-nitrophenyl)-3,6-dihydro-4-methyl-
2-thioxo-1,5(2H)-pyrimidinedicarboxylic acid, 5-ethyl
i-(1-methylethyl) ester; m.p. 161°~164°. TL.C(silica gel;
ethyl acetate:hexanes) Ry=0.56.

Anal. calc’d. for CigH20CIN3O¢S: C, 48.92: H, 4.56;
N, 9.51; Cl, 8.02; S, 7.26. Found: C, 48.60; H, 4.54; N,
9.13; Cl, 7.98; S, 7.25.

EXAMPLE 85

3,6-Dihydro-4-methyl-6-[2-(methylthio)-3-pyridinyl]-2-
thioxo-1,5(2H)-pyrimidinedicarboxylic acid,
~ bis(1-methylethyl) ester

a)
1,4-Dihydro-2-{[(4-methoxyphenyDmethyl]thio]-6-
methyl-4-[2-(methylthio)-3-pyndinyl-5-pyrimidinecar-
“boxylic acid, 1-methylethyl ester

A mixture of 2-[[2-(methylthio)-3-pyridinylime-
thylene}-3-oxobutanoic acid, 1-methylethyl ester and
S-(4-methoxybenzyl)thiopseudourea,  hydrochloride
(0.86 g., 3.7 mmole) in dimethylformamide (5 ml.) 1s
treated with sodium acetate (0.30 g., 3.7 mmole) and
heated at 70° for 3.5 hours. The reaction mixture is
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diluted with ethyl acetate, and washed with sodium
bicarbonate, water (twice), and saturated brine. The
aqueous washes are back extracted with fresh ethyl
acetate. The combined organic fractions are dried over

anhydrous magnesium sulfate and concentrated in

vacuo to give 1.84 g. of an oil. Flash chromatography
eluting with ethyl acetate:hexanes (1:4) gives 1.38 g. of
1,4-dihydro-2-[[(4-methoxyphenyl)methyl]thio]-6-
methyl-4-[2-(methylthio)-3-pyridinyl]-5-pyrimidinecar-
boxylic acid, 1-methylethyl ester as a foam. TLC (silica
gel; ethyl acetate:hexanes, 1:1) Rr=0.50.

Anal calc’d. for Ca3H27N303S5: C, 60.36; H, 5.95; N,
9.18; S, 14.01. Found: C, 59.71; H, 5.94; N, 8.93; S,
13.91.

| b) |

2-[[{4-Methoxyphcnyl)methylthlo]-4—methyl-6-[2-(me—

thylthio)-3-pyridinyl]-1 S(6H)—pyr1m1dmedlcarboxyllc
acid, bis(1-methylethyl) ester

The 1-methylethyl ester product from part (a) (1.12
g., 2.44 mmole) in dry dichloromethane (10 ml.) under
argon at 0°-5° is treated with pyridine (0.6 ml,, 0.58 g.,
7.34 mmole) and isopropyl chloroformate (0.36 ml., 0.38
g., 3.17 mmole) and stirred at room temperature for 3
hours. The mixture is diluted with ethyl acetate and
washed with IN hydrochlonc acid, sodium bicarbon-
ate, water, and saturated brine. The aqueous washes are
back-extracted with fresh ethy! acetate. The Grgamc
layers are combined, dried over anhydrous magnesium
sulfate, and concentrated in vacuo to give 1.31 g. of
2-[[(4-methoxyphenyl)methyl]thio]-4-methyl-6-[2-(me-
thylthio)-3-pyndinyl)-1,5(6H)-pyrimidinedicarboxylic
acid, bis(1-methylethyl) ester as a homogeneous prod-
uct. TLC (silica gel; ethyl acetate:hexanes, 1:1)
Rr=0.62.

Anal. calc’d. for C;7H33N30582.H,0: C, 57.73; H,

6.28; N, 7.48; S, 11.4. Found: C, 57.96; H, 5.98; N, 7.30;
S, 11.18.

c)
3,6-Dihydro-4-methyl-6-[2-(methylthio)-3-pyridinyl]-2-
thioxo-1,5(2H)-pyrimidinedicarboxylic acid,
bis(1-methylethyl) ester

A solution of the bis (1-methylethyl) ester product
from part (b) (1.3 g., 2.39 mmole) in dry dichlorometh-
ane (10 ml.) under argon at 0°-5° is treated with trifluo-
roacetic acid (0.55 ml., 0.82 g., 7.18 mmole) and ethane-
thiol (0.36 ml., 0.3 g., 4.78 mmole) and heated at reflux
for 7 hours. The volatiles are stripped in vacuo and the
residue is dissolved in ethyl acetate and washed with

‘sodium bicarbonate, water, and saturated brine. The

aqueous fractions are back extracted with fresh ethyl
acetate. The organic fractions are combined, dried over
anhydrous magnesium sulfate, and concentrated in
vacuo to give 1.45 g. of crude product. Flash chroma-
tography eluting with ethyl acetate:hexanes (1:3) gives
0.93 g. of a homogeneous product that is crystallized
from isopropyl ether/hexane to give 0.78 g. of 3,6-dihy-
dro-4-methyl-6-[2-(methylthio)-3-pyridinyl]-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, bis(1-
methylethyl) ester as a pale yellow powder; m.p.
119°-121°. TLC (silica gel; ethyl acetate:hexanes, 1:1)
Rr=0.53.

Anal. calc’d. for C19H25N304S5: C, 53. 88; H, 5.95; N,
9.92; S, 15.14. Found: C 53.94; H, 6.06; N, 9.76; S,
15.22.
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EXAMPLE 86

3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, 1-(1-methylethyl)
5-[2-[methyl(phenylmethyl)amino]ethyl] ester,
monohydrochloride

a)
1,4-Dihydro-2-[[(4-methoxypheny)methyl}thio]-6-
methyl-4-(3-nitrophenyl)-5-pyrimidinecarboxylic acid,
2-[methyl{phenylmethyl)amino]ethyl ester

A solution of 2-[(3-nitrophenyl)methylene]-3-
oxobutanoic acid, 2-[methyl(phenylmethyl)amino]ethyl
ester (3.0 g., 7.85 mmole) in dry dimethylformamide (8
ml) is treated with S-(4-methoxybenzyl)thiop-
seudourea, hydrochloride (1.83 g., 7.85 mmole) and
sodium acetate (0.64 g., 7.85 mmole) and heated at 75°
for 4 hours. The mixture is cooled, diluted with ethyl
acetate, and washed with water, sodium bicarbonate,
water, and saturated brine. The aqueous fractions are
back-washed with fresh ethyl acetate. The organic frac-
tions are combined, dried over anhydrous magnesium
sulfate, and concentrated in vacuo to give 4.0 g. of
crude product. Flash chromatography eluting with
ethyl acetate:hexane (1:2) gives 1.76 g. of 1,4-dihydro-2-
[{(4-methoxyphenyl)methyl]thiol-6-methyl-4-(3-nitro-
phenyl)-5-pyrimidinecarboxylic  acid, 2-[methyl(-
phenylmethyl)amino]ethyl ester. TLC (silica gel; ethyl
acetate:hexanes, 1:1) Rr=0.19.

Anal. calc’d. for C3pH32N4OsS: C, 64.26; H, 5.75; N,
9.99: S, 5.72. Found: C, 63.13; H, 5.80; N, 9.75; §, 3.52.

b)
2-[-[(4-MethoxyphenyD)methyljthio]-4-methyl-6-(3-
nitrophenyl)-1,5(6H)-pyrimidinedicarboxylic acid,

1-(1-methylethyl)
5-[2-[methyl(phenylmethyl)amino]ethyl] ester

The ester product from part (a) (1.76 g., 3.1 mmole) in
dry dichloromethane (15 ml.) under argon at 0°-5° is
treated with pyridine (1.0 ml., 12.6 mmole) followed by
isopropyl chloroformate (0.4 ml., 0.43 g., 3.5 mmole)
over a 5 minute period. The mixture is allowed to warm
to room temperature and stirred for 2 hours. The vola-
tiles are stripped in vacuo and the residue is dissolved in
ethyl acetate and washed with sodium bicarbonate,
water, and saturated brine. The agqueous fractions are
back-extracted with fresh ethyl acetate. The organic
fractions are combined, dried over anhydrous magne-
sium sulfate, and concentrated in vacuo to give 1.93 g.
of 2-[[(4-methoxyphenyl)methyl]thio]-4-methyl-6-(3-
nitrophenyl)-1,5(6H)-pyrimidinedicarboxylic acid, 1-(1-
methylethyl) 5-[2-[methyl(phenylmethyl)amino]ethyl]-
ester. TLC (silica gel; ethyl acetate hexanes, 1:1)
Rr=0.47.

c)
3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, 1-(1-methylethyl)
5-[2-[methyl(phenylmethyl)amino]ethyl] ester,
monohydrochloride

The ester product from part (b) (1.93 g., 3.0 mmole)
in dry dichloromethane (15 ml.) under argon at 0°~-5° is
treated with trifluoroacetic acid (0.7 ml.,, 1.02 g., 9.0
mmole) and ethanethiol (0.45 ml., 0.38 g., 6.0 mmole)
and the reaction mixture is stirred overnight at room
temperature. Additional trifluoroacetic acid (0.5 ml,,
0.73 g., 6.4 mmole) is added and the reaction mixture 1s
heated at reflux for 2 hours. The volatiles are stripped 1n
vacuo and the residue is dissolved in ethyl acetate and
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washed with sodium bicarbonate, water, and saturated
brine. The aqueous fractions are back-extracted with
fresh ethyl acetate. The organic fractions are combined,
dried over anhydrous magnesium sulfate, and concen-
trated in vacuo to give 2.0 g. of an oil. Flash chromatog-
raphy eluting with ethyl acetate:hexanes (1:2) gives 0.9
g. of the desired product as an oil.

‘This oil product is dissolved in ether and treated
slowly with ethereal hydrochloric acid (20% excess) to
give 0.7 g. of 3,6-dihydro-4-methyl-3-(nitrophenyl)-2-
thioxo-1,5(2H)-pyrimidinedicarboxylic acid, 1-(1-
methylethyl) 5-[2-[methylphenylmethyl)amino]ethyl]-
ester, monohydrochloride; m.p. 105°-110°. TL.C (silica
gel; ethyl acetate: hexanes) Ry=0.35 (free base).

Anal calc’d. for CeH3pH406S.HCL0.3 HO: C,
54.93; H, 5.60; N, 9.85; S, 5.64; CI, 6.24. Found: C, 54.9;
H, 5.55; N, 9.64; S, 5.35; Cl, 6.19.

EXAMPLE 87

3,6-Dihydro-4-methyl-6-{3-nitrophenyl)-2-thioxo-
1,52H)-pyrimidinedicarboxylic acid, 1-(1-methylethyl
5-[2-[4-(diphenylmethyl}-1-piperazinyl]ethyl] ester,
dihydrochloride

a)
1,4-Dihydro-2-{[(4-methoxyphenyl)methyl]thio}-6-
methyl-4-(3-nitrophenyl)-5-pyrimidinecarboxylic acid,
2-[4-(diphenylmethyl)-1-piperazinyl]ethyl ester

A mixture of 2-[(3-nitrophenylmethylene]-3-
oxobutanoic acid, 2-[4-(diphenylmethyl)-1-piperazinyl-
jethyl ester (2.78 g., 5.4 mmole) and S-(4-methoxyben-
zyl)thiopseudourea, hydrochloride (1.26 g., 5.4 mmole)
in toluene (15 ml.) under argon is treated with sodium
acetate (0.45 g., 5.4 mmole) and warmed at 70°-75° for
4 hours. The cooled reaction mixture is diluted with
ethyl acetate and washed with water (twice) and satu-
rated brine. The aqueous fractions are back-extracted
with fresh ethyl acetate. The organic extracts are com-
bined, dried over anhydrous magnesium sulfate, and
concentrated in vacuo to give 3.82 g. of an oil. Flash
chromatography eluting with ethyl acetate:hexanes
gives 2.25 g. of 1,4-dihydro-2-[[(4-methoxyphenyl)me-
thyl]-thio]-6-methyl-4-(3-nitrophenyl)-5-pyrimidinecar-
boxylic acid, 2-[4-(diphenylmethyl)-1-piperazinyl]ethyl
ester. TLC (silica gel; ethyl acetate:methanol, 10:1)
R~=0.57.

Anal. calc’d. for C3gH41Ns505S.0.7 H,O: C, 66.49: H,
6.07; N, 9.94; §, 4.53. Found: C, 66.56; H, 5.87; N, 9.82:
S, 4.50.

b)
2-[[(4-Methoxyphenyl)methyl]thio]-4-methyl-6-(3-
nitrophenyl)-1,5(6H)-pyrimidinedicarboxylic acid,

1-(1-methylethyl)
5-[2-{4-(diphenylmethyl)-1-piperazinyl]ethyl] ester

A solution of the ester product from part (a) (2.25 g.,
3.26 mmole) in dichloromethane (15 ml.) and pyridine
(2 ml.) at room temperature under argon is treated with
isopropyl chloroformate (0.38 ml., 0405 g, 3.32
mmole). Some warming 1s noted. Additional isopropyl
chloroformate (0.1 ml.) is added and after 30 minutes
the volatiles are stripped in vacuo. The residue is dis-
solved in ethyl acetate and washed with sodium bicar-
bonate, water, and saturated brine. The agueous frac-
tions are back-extracted with fresh ethyl acetate. The
organic fractions are combined, dried over anhydrous
magnestum sulfate, and concentrated in vacuo to give
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2. 45 g. of crude product. Flash chromatography eluting

with ethyl acetate:hexanes (2:3) gives 2.1 g. of 2-[[(4-
methoxyphenyl)methyl]thiol-4-methyl-6-(3-nitro-
phenyl)-1,5(6H)-pyrimidinedicarboxylic acid, 1-(1-
methylethyl) 5-[2-[4-(diphenylmethyl)-1-piperazinyl]e-
thyllester. TLC (silica gel; ethyl acetate) R/=0.53.
Anal. calc’d. for C43H47NsO7S: C, 66.93; H, 6.09; N,
9.00; S, 4.12. Found: C, 66.85; H, 6.11; N, 8.99; S, 4.01.

c)
3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-

10

1,5(2H)-pyrimidinedicarboxylic acid, 1-(1-methylethyl) :

5-[2- [4-(d1phenylmethyl) l-plperazmyl]ethyl]ester
dihydrochloride

A solution of the ester product from part (b) (2.1 g.,
2.7 mmole) in dichloromethane (15 ml.) under argon at
room temperature 1s treated with trifluoroacetic acid (1
ml., 1,48 g., 12.9 mmole) and ethanethiol (0.5 ml., 0.42
g., 6.6 mmole). The mixture is heated at reflux tempera-
ture for 6 hours. The volatiles are removed in vacuo and
the residue 1s dissolved in ethyl acetate and washed with
sodium bicarbonate, water, and saturated brine. The
aqueous fractions are back-extracted with fresh ethyl
acetate. The organic fractions are combined, dried over
anhydrous magnesium sulfate, and concentrated in
vacuo to give 2.3 g. of an oil that solidifies on the vac-
uum pump. Trituration with ethyl acetate/hexanes give
1.6 g. of homogeneous 3,6-dihydro-4-methyl-6-(3-nitro-
phenyl)-2-thioxo-1,5(2H)-pyrimidinedicarboxylic acid,
1-(1-methylethyl) 5-[2-[4-(diphenylmethyl)-1-
piperazinyl}-ethyllester as a homogeneous product;
m.p. 200-203 (dec.). TLC (silica gel; ethyl acetate)
R=0.52.

Anal. calc’d. for C3sH39NsO6S: C, 63.91; H, 5.98: N,
10.65; S, 4.88. Found: C, 63.90; H, 6.06; N 10.37; S,
4.93. |

The above free base is dissolved in hot acetone (200
ml.), cooled to room temperature, and treated with
ethereal hydrochloric acid (excess) causing the turbid
solution to clarify. Solvent is removed in vacuo and the
residue is triturated with ether to give 1.59 g. of 3,6-
dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-1,5(2H)-
pyrimidinedicarboxylic acid, 1-(1-methylethyl) 5-[2-[4-
(diphenylmethyl)-1-piperazinyljethyllester, dihydro-
chloride; m.p. 173° (foam), 190°-200° (dec.).

Anal. calc’d. for: C3sH39NsOgS.2HCl C, 57.53; H,
5.66; N, 9.58; Cl, 9.71; S, 4.39. Found: C, 57.32; H, 5.81;
N, 9.33; Cl, 9.73; §, 4.11.

EXAMPLE 88

3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, 1-ethyl ester

a)
1,4-Dihydro-2-[[(4methoxyphenyl)methyl}thio]-6-
methyl-4-(3-nitrophenyl)-5-pyrimidinecarboxylic acid,
l,l-dimethylcthyl ester, monohydrochloride

A solution of 2-[(3-nitrophenyDmethylene}-3-
oxobutanoic acid, 1,1-dimethylethyl ester (28 g., 96.12
mmole) in dimethylformamide (98 ml.) is treated with
S-(4-methoxybenzyhthiopseudourea, = hydrochloride
(22.37 g., 96.12 mmole) and sodium acetate (7.9 g., 96.12
mmole). The mixture is heated at 60° overnight, diluted
with ether, and filtered to remove sodium chloride. The
filtrate 1s washed with water (150 ml.), sodium bicar-
bonate (150 ml.), and brine. The organic layer is dried
over anhydrous magnesium sulfate, filtered, and
stripped to give an oil. This oil is dissolved in dichloro-
methane (300 ml.) and treated with methanolic hydro-
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chloric acid (1 eq., 96.12 mmole) to crystallize out 41.74

g of product. A second crop of 2.77 g. is collected by

reducing the volume of the mother liquor and cooling at
0° overnight to give a total of 44.51 g. of white solid
1,4-dihydro-2-[[(4-methoxyphenyl)methyl]}thio]-6-
methyl-4-(3-nitrophenyl)-5-pyrimidinecarboxylic acid,
1,1-dimethylethyl ester; m.p. 192°. TLC (silica gel; ethyl
acetate:hexanes, 1:2 Ry/=0.51.

Anal. calc’d. for Cy4H37N30sS.HCI: C, 56.97; H,
5.57; N, 8.30; S, 6.34; Cl, 7.01. Found: C, 57.02; H, 5.59;
N, 8.26; S, 6.30; Cl, 7.08.

b)
1,4-Dihydro-2-[[(4-methoxyphenyl)methyl]thio]-6-
methyl-4-(3-nitrophenyl)-5-pyrimidinecarboxylic acid

The 1, l-dlmethylethyl ester product from part (a)
(13.5 g., 26.7 mmole) is added to a mixture of trifluoro-
acetic acid (125 ml.) and anisole (12.5 ml.) at 0° under
nitrogen After stu‘nng for 30 minutes, the trifluoroace-
tic acid is stripped in vacuo at 0°. The resulting residue
1s taken up into ethyl acetate/dichloromethane and a
white solid is precipitated out by the addition of hexane.
This solid is washed with hexanes and dried to give 9.66

g of 1,4-dihydro-2-[[(4-methoxyphenyl)methyl]thio]-6-

methyl-4-(3-nitrophenyl)-5-pyrimidinecarboxylic acid;
m.p. 90° (shrinks), 103°~106° (foams).

c)
2-[[(4-Methoxyphenyl)methyl]thio]-4-methyl-6-(3-
nitrophenyl)-1,5(6H)-pyrimidinedicarboxylic acid,

1-ethyl ester

Bis(trimethylsilyltrifluoroacetamide (2.1 eq., 2.2 mi.,
8.4 mmole) i1s added to a mixture of the acid product
from part (b) (1.65 g., 3.99 mmole) in dry dichlorometh-
ane (7'ml.) at 0° under nitrogen. After 30 minutes, pyri-
dine (2.1 eq., 0.68 ml., 8.4 mmole) is added to the mix-
ture followed by ethyl chloroformate (2.1 eq., 0.8 ml.,

8.4 mmole). The mixture is stirred at room temperature
overnight. The reaction mixture is then poured into

ethyl acetate (20 ml.) and washed witrh saturated aque-
ous sodium bicarbonate, saturated sodium dihydrogen
phosphate, and brine. The organic layer is dried over
anhydrous magnesium sulfate to give 2.8 g. of yellow
solid 2-[[(4-methoxyphenyl)methyl]thio]-4-methyl-6-(3-
1-
ethyl cster

d)
3 6-D1hydm-4—mcthyl 6—(3-mtr0phenyl)-2-th10xo-
1 5(2H)-pynnud;nedlcarboxyllc acid, 1-ethyl ester

Ethanethiol (2 eq., 763 ul., 10.3 mmole) is added to a
mixture of the 1-ethyl ester product from part (c) (2.57
g., 3.16 mmole) in trifluoroacetic acid (2.1 ml.) and dry
dichloromethane ml.) under nitrogen and the mixture is
stirred overnight at room temperature. The reaction
mixture is diluted with dichloromethane (20 ml.) and
washed with water (2X 15 ml.). The product is ex-
tracted into IN sodium hydroxide (three times) and the
basic layers are combined and adjusted to pH 2 with
concentrated hydrochloric acid. The product is ex-
tracted into ethyl acetate (twice), dried, and stripped to
give 1.26 g. of yellow solid. Recrystallization from
acetonitrile gives 630 mg. of yellow crystalline solid
3,6-dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, 1-ethyl ester; m.p.
199°-202° (dec.). TLC (silica gel; ethyl acetate:di-
chloromethane:methanol, 8:1:1) Rs=0.5.
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Anal. calc’d. for CysH;sN3OeS: C, 49.32; H, 4.13; N,
11.50; S, 8.78. Found: C, 49.15; H, 4.14; N, 11.51; S,
8.30.

EXAMPLE 89

3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, 5-ethyl
1-[2-[methyl(phenylmethyl)amino]ethyl]ester,
monohydrochloride

a)
2-[[(4-Methoxyphenyl)methyl]thio]-4-methyl-6-(3-
nitrophenyl)-1,5(6H)-pyrimidinedicarboxylic acid,

S-ethyl 1-[2-[methyl(phenylmethyl)amino]ethyl]ester

Phosgene in benzene (1.3 eq., 5.89 mmole, 4.5 ml. of
1.3M solution) 1s added dropwise to a solution of 1,4-
dihydro-2-[[(4-methoxyphenyl)methyl]thio]-6-methyl-
4-(3-nitrophenyl)-S-pyrimidinecarboxylic acid, ethyl
ester (2.0 g., 4.5 mmole) [prepared as set forth in Exam-
ple 72 (a)] in neat pyridine (10 ml.). After 20 minutes,
N-benzyl-N-methyl ethanolamine (1.6 eq., 1.17 ml., 7.2
mmole) is added as a solution in pyridine (2 ml.). The
mixture is stirred overnight at room temperature. The
reaction mixture is diluted with ethyl acetate (30 ml.)
and washed with saturated aqueous sodium bicarbonate
(2X15 ml), saturated aqueous sodium dihydrogen
phosphate (215 ml.), and water (15 ml.). The organic
layer 1s dried over anhydrous magnesium sulfate, fil-
tered, and adsorbed onto Celite. Flash chromatography
eluting with ether:hexanes (1:1) gives 2.51g. of 2-[[(4-
methoxyphenyl)methyl]thio]-4-methyl-6-(3-nitro-
phenyl)-1,5(6H)-pynmidinedicarboxylic acid, 5-ethyl
1-[2-[methyl(phenylmethyl)amino]ethyl ester as a green
oil.

b)
3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, 5-ethyl
1-[2-[methyl(phenylmethyl)amino]ethyljester,
monohydrochloride

Ethanethiol (2 eq., 0.59 ml., 7.94 mmol.) is added to a
mixture of the ester product from part (a) (2.51 g., 3.97
mmole) in 109% trifluoroacetic acid/dichloromethane
(1.6 ml. in 16 ml. dry dichloromethane) at room temper-
ature under aitrogen. The mixture is stirred for 48
hours. The mixture 1s diluted with dichloromethane 16
ml.) and washed with water 2 X 15 ml.), sodium bicar-
bonate (2X15 ml.), and sodium dihydrogen phosphate
(2X 15 ml.). The resulting organic phase is dried over
anhydrous magnesium sulfate, and stripped in vacuo to
give an oil. The crude free base is flash chromato-
graphed eluting with ethyl acetate:hexanes (1:2) to give
a green oil. Ethereal hydrochloric acid is added to the
free base in ether at 0° to give 710 mg. of 3,6-dihydro-4-
methyl-6-(3-nitrophenyl)-2-thioxo-1,5(2H)-
pyrimidinedicarboxylic acid, S5-ethyl 1-[2-[methyl(-
phenylmethyl)amino]ethyljester, monohydrochloride
as a yellow solid; m.p. 80° (vaporizes). TLC (silica gel:
ethyl acetate:hexanes, 1:2) R/~=0.19.

Anal. calc’d. for CysH2sN4SOg.HCL0.6 H>O: C,
53.63; H, 5.25; N, 10.00; S, 5.73; Cl, 6.33. Found: C,
53.63; H, 5.22; N, 9.90; S, 5.58; Cl, 6.09.
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EXAMPLE 90

3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, 5-(1-methylethyl)
1-[2-[methyl(phenylmethyl)amino]ethyl ester,
monohydrochloride

-~ a)
2-{[(4-Methoxyphenyl)methyl]thio]-4-methyl-6-(3-
nitrophenyl)-1,5(6H]-pyrimidinedicarboxylic acid,
5-(1-methylethyl)
1-[2-[methyl(phenylmethyl)amino]ethyl]ester

Phosgene in benzene (1.3 g., 5.7 mmole, 4.4 ml. of
1.3M solution) is added dropwise to a solution of 1,4-
dihydro-2-[[(4-methoxyphenyl)methyl]thio]-6-methyl-
4-(3-nitrophenyl)-S-pyrimidinecarboxylic  acid, 1-
methylethyl ester (2.0 g., 4.39 mmole) [prepared as set
forth in Example 76 (a)] in neat pyridine (10 ml.) at
room temperature under nitrogen. After 30 minutes,
N-benzyl-N-methyl ethanolamine (1.6 eq., 1.14 ml., 7.0
mmole) 1s added and the mixture is stirred for 48 hours.
The mixture is diluted with ethyl acetate (50 ml.) and
washed with sodium bicarbonate (2X25 ml.), sodium
dihydrogen phosphate (2X25 ml.) and water (2X25
ml.). The organic phase is dried over anhydrous sodium
sulfate, filtered and adsorbed onto Celite (10 g.). Flash
chromatography eluting with ether: hexanes (1:1) gives
2.08 g. of 2-[[(4-methoxyphenyl)methyl]thio]-4-methyl-
6-(3-nitrophenyl)-1,5(6H)-pyrimidinedicarboxylic acid,
5-(1-methylethyl) 1-[2-[methyl(phenylmethyl)amino]e-
thyllester as a green oil.

b)
3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, 5-(1-methylethyl)
1-[2-[methyl(phenylmethyl)amino]ethyl]ester,
monohydrochloride

The ester product from part (a) (1.02 g., 3.12 mmole)
is dissolved in 10% trifluoroacetic acid/dichlorome-
thane (1.3 ml. trifluoroacetic acid/13 ml. dichlorometh-
ane) and ethanethiol (2 eq., 461 ul, 6.24 mmole) is
added. The mixture is stirred for 48 hours, then diluted
with dichloromethane (50 ml.) and washed with water -
(2X25 ml.), sodium bicarbonate (2x25 ml.), sodium
dihydrogen phosphate (2X25 ml.), and water (225
ml.). The organic phase is dried over anhydrous sodium
sulfate, filtered, and stripped. Flash chromatography
cluting with ethyl acetate:hexanes (1:2) gives the prod-
uct as a green foam. This material is taken up in ether at
0° and treated with ethereal hydrochloric acid to give
690 mg. of pale yellow, hygroscopic solid 3,6-dihydro-
4-methyl-6-(3-nitrophenyl)-2-thioxo-1,5(2H)-
pyrimidinedicarboxylic acid, 5-(1-methylethyl) 1-{2-
[methyl(phenylmethyl)amino]ethyl]ester, monohydro-
chloride; m.p. 80° (vaporizes). TLC (silica gel: ethyl
acetate:hexanes, 1:2) R/=0.21.

Anal. calc’d. for Ci6H3gN4SO¢.HCL0.7 H->0: C,
54.25; H, 5.50; N, 9.74; S, 5.57: Cl, 6.16. Found: C, 54.25;
H, 5.54; N, 9.54; S, 5.49; Cl, 6.00.
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EXAMPLE 91

6-(2,3-Dichlorophenyl)-3,6-dihydro-4-methyl-2-thioxo-
1,52H)-pynmidinedicarboxylic acid, 5-(1-methylethyl)
1-[2-[methyl(phenylmethyl)amino]ethyl]ester, )
monohydrochloride
| a) |
6-(2,3-Dichlorophenyl)-2-[(4-methoxyphenyl)methyl]-
thio]-4-methyl-1,5(6H)-pyrimidinedicarboxylic acid,
5-(1-methylethyl)
1-[2-[methyl(phenylmethyl)amino]ethyl]ester

Phosgene in benzene (1.3 eq., 8.7 mmole, 6.7 ml. of
1.3M solution) is added dropwise to a solution of 4-(2,3- 15
dichlorophenyl)-1,4-dihydro-2-[[(4-methoxyphenyl)me-
thyl]thio]-6-methyl-5-pyrimidinecarboxylic acid, 1-
methylethyl ester (3.2 g., 6.7 mmole) [prepared as set
forth in Example 80 (a)]in neat pyridine (13.4 ml.) at
- room temperature. The suspension is stirred for 40 min-
utes and then N-benzyl-N-methyl ethanolamine (1.6 eq.,
1.74 g., 10.7 mmole) is added dropwise. As the mixture
is stirred a solid precipitates out of solution. After stir-
ring overnight, the mixture is diluted with dichloro-
methane (50 ml.) and washed with sodium bicarbonate
(230 ml.) and sodium dihydrogen phosphate 230
ml.). The organic layer is dried over anhydrous magne-
sium sulfate, filtered, and stripped to give 4.5 g. of a
brown oil. Flash chromatography eluting with ethyl
acetate gives 1.26 g. of 6-(2,3-dichlorophenyl)-2-[[(4-
‘methoxyphenyl)methyl]thiol-4-methyl-1,5(6H)- |
pyrimidinedicarboxylic - acid, 5-(1-methylethyl) 1-[2-
[methyl(phenylmethyl)amino]ethyl]ester as a pale yel- 35
low oil.

10
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30

b)
6-(2,3-Dichlorophenyl)-3,6-dihydro-4-methyl-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, 5-(1-methylethyl)
1-[2-[methyl(phenylmethyl)amino]ethyl]ester,
monohydrochloride

Ethanethiol (2 eq., 277.7 pl., 3.76 mmole) is added to
a mixture of the ester product from part (a) (1.26 g., 1.88
mmole) in dichloromethane (7.5 ml.) and trifluoroacetic
acid (750 ul.) at room temperature under nitrogen. The
mixture is stirred for 48 hours, then diluted with dichlo-
romethane (100 ml.) and washed with sodium bicarbon-
ate (2X 50 ml.), water (2 X 50 ml.), and sodium dihydro-
gen phosphate (2 X 50 ml.). The organic layer is dried
over anhydrous magnesium sulfate, filtered and concen-
trated in vacuo to give a yellow solid. This solid is
dissolved in warm ether (100 ml. on a steam bath) and
the hydrochloride salt precipitates out by the addition
of ethereal hydrochloric acid. The mixture is cooled to
—19° and the pure hydrochloride salt is collected by
filtration. The solid is recrystallized twice from ethyl
acetate/hexanes to give 701 mg. of pale yellow solid
6-(2,3-dichlorophenyl)-3,6-dihydro- 4-methyl-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, 5-(1-methylethyl)
1-[2-[methyl(phenylmethyl)amino]ethyl]ester, monohy-
drochloride; m.p. 164°-166°. TLC (silica gel; ethyl
_acetate:hexanes; 1:2 R/=0.33. '
" Anal. calc’d. for Ca¢H29CIaN304S.HCl: C, 53.30; H,
4.99: N, 7.17; S, 5.47; Cl, 18.15. Found: C, 53.41; H, 5.18;
N, 7.11; S, 5.44; Cl], 18.13.
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- 1-[1-(phenylmethyl)-4-piperidinyl]ester,
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EXAMPLE 92

3,6-Dihydro-4-methyl-2-thioxo-6-[2-(trifluoromethyl)-
phenyl]-1,5(2H)-pyrimidinedicarboxylic acid, 5-ethyl
1-[1-(phenylmethyl)-4-piperidinyl]ester,
monohydrochloride

. a) o
2-[[(4-Methoxyphenyl)methyl]thiol-4-methyl-6-[2-(tri-
fluoromethyl)phenyl]-1,5(6H)-pyrimidinedicarboxylic
acid, S-ethyl l-[1-(phenylmethyl)-4—pipeﬁdinyl]ester

A solution of 1,4-dihydro-2-[[(4-methoxyphenyl)me-
thyl]thio]-6-methyl-4-[2-(trifluoromethyl)phenyl]-5-
pynmidinecarboxylic acid, ethyl ester (2.5 g., 5.3
mmole) [prepared as set forth in Example 95 (a)] in
pyndine (25 ml.) is treated with phosgene (0.67 g., 6.7

‘mmole, 12% toluene solution) and heated for one hour

at 50° and then treated slowly with a solution of N-ben-
zyl-4-hydroxypiperidine (1.5 g., 7.8 mmole) in pyridine
(5 ml.). After heating for 16 hours at 50°, the solution is
cooled and partitioned between water and ethyl acetate.
The organic phase :s washed with water (three times)
and brine, then dried and evaporated to give 3.6 g. of a
dark oil. This material is combined with 1.6 g. of simi-
larly prepared crude product. Flash chromatography

‘eluting with ethyl acetate:hexanes (1:2) gives 1.3 g. of

shghtly impure 2-[[(4-methoxyphenyl)methyl]thio}]-4-
methyl-6-[2-(trifluoromethyl)phenyl}-1,5(6H)-
pyrimidinedicarboxylic acid, 5-ethyl 1-[1-(phenylme-
thyl)-4-piperidinyl]ester. TLC (silica gel; ethyl acetate:-
hexanes, 1:2) major spot at R =0.25.

b)
3,6-Dihydro-4-methyl-2-thioxo-6-[2-(trifluoromethyl)-
phenyl]-1,5(2H)-pyrimidinedicarboxylic acid, 5-ethyl

1-[1-(phenylmethyl)-4-piperidinyl]ester,
monohydrochloride

A solution of the ester product from part (a) (1.3 g.,
1.9 mmole) in chloroform (25 ml.) is treated with triflu-
oroacetic acid (0.7 ml., 7.2 mmole) and ethanethiol (0.28
g., 4.2 mmole) and refluxed for 3 hours. The cooled
solution 1s evaporated. The residue is taken up in ethyl
acetate and washed with sodium bicarbonate, water and
brine, dried, and evaporated to give 1.2 g. of crude oil
product. Flash chromatography eluting with ethyl ace-
tate: hexanes:methanol (50:100:3) gives 0.64 g. of 3,6-
dihydro-4-methyl-2-thioxo-6-{2-(trifluoromethyl)-
phenyl]-1,5(2H)-pyrimidinedicarboxylic acid, 5-ethyl
1-[1-(phenylmethyl)-4-piperidinyl]ester as a semi-solid
product. )

Anal. calc’d. for CagH30N3F304S: C, 59.88; H, 5.38:
N, 7.48. Found C, 59.47; H, 5.40; N, 7.41.

The above material is dissolved in acetonitrile (10
ml.) and treated with 1 eq. of ethanolic hydrochloric
acid to slowly crystallize 0.53 g. of yellow solid 3,6-
dihydro-4-methyl-2-thioxo-6-[2-(trifluoromethyl)-
phenyl]-1,5(2H)-pyrimidinedicarboxylic acid, 5-ethyl
monchydro-
chloride; m.p. 203°-205°. TLC (silica gel; dichlorome-
thane:methanol, 50:1) R=0.40.

Anal. calc’d. for CagH30F3N304S HCI: C, 56.23; H,
3.22: N, 7.02; Cl, 5.92; S, 5.36. Found: C, 56.35; H, 5.21:
N, 7.47; Cl, 6.01; S, 5.36.
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EXAMPLE 93

3,6-Dihydro-4-methyl-6-(2,1,3-benzoxadiazol-4-yl)-2-
thioxo-1,5(2H)-pyrimidinedicarboxylic acid, diethyl
- ester

| a)
1,4-Dihydro-2-[[(4-methoxyphenyl)methyl]thio]-6-
methyl-4-(2,1,3-benzoxadiazol-4-yl)-5-pyrimidinecar-
boxylic acid, ethyl ester

A mixture of 2-[(2,1,3-benzoxadiazol-4-yl)me-
thylene]-3-oxobutanoic acid, ethyl ester (2.38 g., 9.15
mmole) and S-(4-methoxyphenyl)thiopseudourea, hy-
drochloride (2.13 g., 9.15 mmole) in dry dimethylform-
amide (15 ml.) under argon at room temperature is
treated with sodium acetate (0.73 g., 9.15 mmole) and
heated at 80° for 3 hours. The mixture is diluted with
ether and washed with water (twice) and saturated
brine. The organic fraction is dried over anhydrous
magnesium sulfate and concentrated in vacuo to give
3.56 g. of crude product. Flash chromatography eluting
with ethyl acetate:hexanes (4:7) gives 2.36 g. of 1,4-dihy
dro-2-[[(4-methoxyphenyl)methyl]thio]-6-methyl-4-
(2,1,3-benzoxadiazol-4-yl)-5-pyrimidinecarboxylic acid,
ethyl ester as an oil. TLC (silica gel; ethyl acetate:hex-
anes, 1:1) Rp=0.45.

b)
2-[[(4-Methoxyphenyl)methyl]thio}-4-methyl-6-(2,1,3-
benzoxadiazol-4-yl)-1,5(6H)-pyrimidinedicarboxylic
acid, diethyl ester

The ethyl ester product from part (a)(1.02 g., 2.32
mmole) in dry dichloromethane (10 ml.) under argon at
0°-5° is treated with pyridine (1 ml.) followed by ethyl
chloroformate (0.30 ml., 340 mg., 3.13 mmole). After 30
~ minutes, the cooling bath is removed and the mixture is
allowed to stir at room temperature for one hour. Vola-
tiles are stripped in vacuo and the residue 1s dissolved in
ethyl acetate and washed with sodium bicarbonate,

water, and brine. The organic fraction is dried over 40
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anhydrous magnesium sulfate and concentrated in

vacuo to give 1.22 g. of crude product. Flash chroma-
tography eluting with ethyl acetate:hexanes (1:3) gives
0.94 g. of an oil. Crystallization from isopropyl ether/-
hexanes gives 0.82 g. of 2-[[(4-methoxyphenyl)methyl]-
thio]-4-methyl-6-(2,1,3-benzoxadiazol-4-yl)-1,5(6H)-
pyrimidinedicarboxylic acid, diethyl ester; m.p.
94°-96°. TLC (silica gel;ethyl acetate:hexanes, 1:1)
R=0.56.

Anal. calc’d. for CrsHa6N4O6S: C, 58.81: H, 5.13; N,
10.97: S, 6.2. Found: C, 58.86; H, 5.14; N, 10.94; §, 6.1.

C)
3,6-Dihydro-4-methyl-6-(2,1,3-benzoxadiazol-4-yl)-2-
thioxo-1,5(2H)-pyrimidinedicarboxylic acid, diethyl

ester

A solution of the diethyl ester from part (b) (0.82 g.,
1.6 mmole) in dry dichloromethane (10 ml.) under
argon at 0°-5° is treated with trifluoroacetic acid (0.37
ml., 0.55 g., 4.8 mmole) and ethanethiol (0.24 ml., 0.20
g., 3.2 mmole). The mixture is heated at reflux tempera-
ture overnight. Volatiles are stripped in vacuo and the
residue 1s dissolved in warm isopropyl ether, diluted to
the cloud point with hexane, and allowed to stand to
give 0.58 g. of 3,6-dihydro-4-methyl-6-(2,1,3-benzox-
adiazol-4-yl)-2-thioxo-1,5(2H)-pyrimidinedicarboxylic
acid, diethyl ester as a yellow solid; m.p. 144°-146°.
TLC (silica gel; ethyl acetate:hexanes, 1:1) R/=0.33.
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Anal. calc’d. for C17H15N40s5S: C, 52.30; H, 4.65; N,
14.35; S, 8.21 Found: C, 52.44: H, 4.58; N, 14.41; §, 8.14.

EXAMPLE 9%

3,6-Dihydro-4-methyl-6-(2-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, S-ethyl
1-[1-(phenylmethyl)-4-piperidinyl]jester,
monohydrochloride

| a.
1,4-Dihydro-2-[[(4methoxyphenyl)methyl]thio}-6-
methyl-4-(2-nitrophenyl)-5-pyrimidinecarboxylic acid,
ethyl ester

A mixture of 2-[(2-nitrophenyl)methylene]-3-
oxobutanoic acid, ethyl ester (6.0 g., 22 mmole), S-(4-
methoxybenzyl) thiopseudourea, hydrochloride (5.3 g.,
22 mmole) and sodium bicarbonate (1.9 g., 22 mmole) in
dimethylformamide (60 ml.) is stirred and heated for 4
hours at 70°, then cooled and diluted with ethyl acetate.
After washing with water (twice) and brine, the solu-
tion is dried and evaporated in vacuo to give 11.0 g. of
crude product.

A solution of the above crude product in acetonitrile
(50 ml.) is treated with a solution of oxalic acid (2.2 g.)
in acetonitrile (20 ml.). A slow crystallization gives 8.2
g. of cream colored oxalate salt; m.p. 130°-132°. This
salt is treated with sodium hydroxide in ethyl acetate to
give 7.3 g. of 1,4-dihydro-2-[[(4-methoxyphenyl)me-
thyl]thio]-6-methyl-4-(2-nitrophenyl)-5-pyrimidinecar-
boxylic acid, ethyl ester.

Anal. calc’d. for Co2Ha3N305S: C, 59.85; H, 5.25; N,
9.51. Found: C, 59.50; H, 5.28; N, 9.35.

b.
2-[[(4-Methoxyphenyl)methyl]thio}-4-methyl-6-(2-
nitrophenyl)-1,5(6H)-pynmidinedicarboxylic acid,

5-ethyl 1-[1-(phenylmethyl)-4-piperidinyl]ester

A solution of the product from part (a) (3.2 g., 7.2
mmole) in acetonitrile (50 ml.) and pyridine (35 ml.) 1is
treated dropwise with phosgene (1.4 g., 14.4 mmole,
11.2 ml. of 12.5% solution in toluene), and then stirred
for 4 hours at room temperature. A solution of N-ben-
zyl-4-hydroxypiperidine, hydrochloride salt (5.1 g., 26
mmole) in acetonitrile (20 ml.) is slowly added and the
solution 1s stirred for 16 hours at room temperature.
Water (10 ml.) 1s added and the solvent is evaporated in
vacuo to give an o1l which is partitioned between ethyl
acetate and 1IN hydrochloric acid. The organic layer is
washed with sodium bicarbonate solution, water, and
brine, then dried and evaporated to give 4.0 g. of crude
2-[[(4-methoxyphenyl)methyl]thio]-4-methyl-6-(2-nitro-
phenyl)-1,5(6H)-pyrimidinedicarboxylic acid, 5-ethyl
1-{1-(phenylmethyl)-4-piperidinyl]ester as a semi-solid.

C.
3,6-Dihydro-4-methyl-6-(2-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, 5-ethyl
1-[1(phenylmethyl)-4-piperidinyl]ester,
monohydrochloride

A solution of the crude product from part (b) (3.0 g.,
4.5 mmole), trifluoroacetic acid (2.1 ml., 26.8 mmole)
and ethanethiol (0.84 g., 13.4 mmole) in dichlorometh-
ane (50 ml.) 1s stirred at room temperature for 16 hours.
The solvent is evaporated and the residue is taken up in
ethyl acetate and washed with sodium bicarbonate solu-
tion, water, and brine, then dried, and evaporated in
vacuo to give 3.45 g. of a crude oil product. The mate-
rial is combined with 0.65 g. of similarly prepared prod-



5,202,330

85

uct and then flash chromatographed using ethyl aceta-
te/hexane (1:1) to give 2.5 g. of 3,6-dihydro-4-methyl-6-
(2-nitrophenyl)-2-thioxo-1,5(2H)-pyrimidinedicarboxy-
lic acid,5S-ethyl 1-[1-(phenylmethyl)-4-piperidinyljester
as a glass-like solid. TLC (silica gel; ethyl acetate:hex- 5
ane, 1:1) R=0.25. _ '

Anal. calc’d for Cy7H30N4O6S: C, 60.20; H, 5.61: N,
10.40. Found: C, 60.09; H, 5.68; N, 10.23.

The above product is dissolved in acetonitrile (40 ml.)
and treated with 1 eq. of methanolic hydrochloric acid. 10
The solution 1s concentrated to approximately one-half
volume to initiate cyrstallization of 2.25 g. of 3,6-dihy-
dro-4-methyl-6-(2-nitrophenyl)-2-thioxo-1,5-2H)-
pyrimidinedicarboxylic acid, S-ethyl 1-[1-(phenylme-
thyl)-4-piperidinyl]ester, monohydrochloride as a yel-
low product; m.p. 203°-205° (dec.).

Anal. Calc’d for C27H30N40¢S.HC1.0.25C,H3N C,
36.42; H, 5.47; N, 10.17; Cl, 6.06; S, 5.48. Found: C,
56.56; H, 5.54; N, 10.25; Cl, 6.06; S, 5.32.

_ "EXAMPLE 95
3,6-Dihydro-4-methyl-6-2-(trifluoromethyl)phenyl]-
1,5(2H)-pyrimidinedicarboxylic acid, 5-ethyl
1-[1-(phenylmethyl}-3(S)-pyrrolidinyl]ester,
monohydrochloride

15
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| a.
1,4-Dihydro-2-{[(4-methoxyphenyl)methyl]thio]-6-
methyl-4-[2-(trifluoromethyl)phenyl]-5-pyrimidinecar-

boxylic acid, ethyl ester 30

A mixture of 2-[[2-(trifluoromethyl)phenyl]me-
thylene]-3-oxobutanoic acid, ethyl ester (12 g., 42
mmole), S-(4-methoxybenzyl) thiopseudourea, hydro-
chloride (9.7 g., 42 mmole) and sodium acetate (3.4 g.,
42 mmole) in dimethylformamide (75 ml.) is stirred and
heated at 70° for 4 hours. The cooled solution is diluted
with ether and washed with sodium bicarbonate, water,
and brine. The dnied solution is evaporated to give 18.6
g. of crude 1,4-dihydro-2-[[(4-methoxyphenyl)methyl]-
thio]-6-methyl-4-[2-(trifluoromethyl)phenyl]-5-
pyrimidinecarboxylic acid, ethyl] ester as a viscous oil.

b.
2-[[(4-MethoxyphenyDmethyl]thio}-4-methyl-6-[-2-(tri-
fluoromethyl)phenyl}-1,5(6H)-pyrimidinedicarboxylic

‘acid, S-ethyl |
1-[1-(phenylmethyl)-3(S)-pyrrolidinyljester

A solution of the product from part (a) (1.4 g., 3.0
mmole) in acetonitrile (10 ml.) and pyridine (5§ ml.)
under argon at room temperature is treated with a solu-
tion of phosgene in toluene (4.5 ml., 5.6 mmole, 12.5%
solution). After 2 hours, a solution of (S)-1-benzyl-3-
pyrrolidinol (1.05 g., 5.9 mmole) as the hydrochloride
salt in acetonitrile (3 ml.) is added. The mixture is al-
lowed to stir for 48 hours. The volatiles are removed in
vacuo and the residue i1s dissolved in ethyl acetate,
washed with saturated sodium bicarbonate solution and
saturated brine. The organic fraction is dried (MgSQOy)
and concentrated in vacuo to give 2.6 g. of a dark vis- 60
cous oil. Flash chromatography on silica gel (LLPS-1)
eluting with ethyl acetate/hexane (1:4) gives 0.76 g. of
2-[[(4-methoxyphenyl)methyl]thio}-4-methyl-6-[2-(tri-
fluoromethyl)phenyl-1,5(6H)-pyrimidinedicarboxylic
acid, S5-ethyl 1-[I-(phenylmethyl)-3(S)-pyrrolidinyl]- 65
ester.

Anal. calc’d. for CisH3igF3N305S.0.56H,0: C, 62.01;

H, 5.52: N, 6.20. Found C, 62.18; H, 5.22; N, 6.06.
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C. .
3,6-Dihydro-4-methyl-6-[2-(trifluoromethyl)phenyl]-
1,5(2H)-pyrimidinedicarboxylic acid, -

S-ethyl 1-[1-(phenylmethyl)-3(S)-pyrrolidinyl]ester,
monohydrochloride

A solution of the product from part (b) (0.75 g., 1.12
mmole) in dichloromethane (10 ml.) is treated with
ethanethiol (0.17 ml., 0.145 g., 2.29 mmole) and trifluo-
roacetic acid (0.26 ml., 0.385 g., 3.37 mmole) and the
mixture is heated at reflux temperature for 10 hours.
The volatiles are removed in vacuo and the residue is

- dissolved in ethyl acetate, and washed with saturated

sodium bicarbonate solution and brine. The organic
fraction is dried (MgSOy4) and concentrated in vacuo to
give 0.75 g. of crude product. Flash chromatography on
silica gel (LPS-1) eluting with ethyl acetate/hexane (1 1.
of 3:7 and 1 1. of 1:2) gives 0.504 g. of 3,6-dihydro-4-
methyl-6-[2-(trifluoromethyl)phenyl]-1,5(2H)-
pynmidinedicarboxylic acid, 5-ethyl 1-[l1-(phenylme-
thyl)-3(S)-pyrrolidinyljester.

Anal. calc’d for Cy7H23F3N304S: C, 59.44; H, 5.17;
N, 7.70. Found: C, 59,04; H, 5.41;: N, 7.48.

A solution of this product (220 mg., 0.40 mmole) in
ether is treated with 0.5N ethereal hydrochloric acid (1
ml.) to precipitate 3,6-dihydro-4-methyl-6-[2-(tri-
fluoromethyl)phenyl}-1,5(2H)-pyrimidinedicarboxylic
acid, S-ethyl 1-[I-(phenylmethyl)-3(S)-pyrrolidinyl]-

ester, monohydrochloride; m.p. 115°-125° (foam).

Anal. calc’d for Ci7H9CIF3N304S.3.11H,0: C,
23.71; H, 5.20;)N, 7.22; S, 5.51; Cl, 6.09. Found: C, 55.50:;
H. 5.69;N, 6.89; S, 5.56; Cl, 6.12.

EXAMPLES 96-118

Following the procedures of Examples 55 to and 89
to 93, the 2-(4-methoxybenzy])thio substituted 1,4-dihy-
dro S-pyrimidinecarboxylic acid ester shown below in
Col. I 1s reacted to give the corresponding 1,5(6H)-
pyrimidinedicarboxylic acid diester shown in Col. II
followed by treatment with trifluoroacetic acid to give
the 2-thioxo-1,5(2H)-pyrimidinedicarboxylic acid ester
product shown in Col. III.

!

Col. 1
C O
/7 N
N C—C—-0—R3
| |
C C—R>
/ \ /S
H;CO CH>—S II\I
H
R{\ H Col. I
/
O C O
N /7 N |
R]"""O""C""l’f ﬁ"‘"C""O""‘R,‘;
C C—R»
| SN/
H3;CO CHy—S N
H Col. 111
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O C O
I / N\ |
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C C—R;
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EXAMPLE 119

(~)-3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, 5-methyl
1-(1-methylethyl) ester

a)
2-[[1(4-Methoxyphenyl)methyl}thio]-4-methyl-6-(3-
nitrophenyl-1,5(6H)-pyrimidinedicarboxylic acid,
_ ~ 5-methyl
1-[(S)-1-[(1,1-dimethylethoxy)carbonyl]-5-(methox-
ycarbonyl)-3-pyrrolidinyl]ester

A solution of phosgene in benzene (1.3M, 10.8 ml.,
14.1 mmole) 1s added dropwise to a mixture of 1,4-dihy-
dro-2-[[(4-methoxyphenyl)methyl)thio]-6-methyl-4-(3-
nitrophenyl)-5-pyrimidinecarboxylic acid, methyl ester
(4.63 g., 10.8 mmole) in neat pyridine (25 ml.) at room
temperature under nitrogen and allowed to stir for one
hour. A solution of 1-[(1,1-dimethylethoxy)carbonyl]-4-
(trans-hydroxy)-L-proline, methyl ester (4.2 g., 1.6 eq.,
17.3 mmole) in pyridine (10 ml.) is added to the mixture
and allowed to stir overnight. The mixture is diluted
with ethyl acetate (100 ml.) and washed with water
(2X75 ml.), sodium bicarbonate (2X75 m).), sodium
dihydrogen phosphate (2X75 ml.), and water (75 ml.).
The organic layer is dried over anhydrous magnesium
sulfate, filtered, and stripped. Flash chromatography
eluting with ethyl acetate:hexanes (1:2) gives 4.88 g. of
2-[{(4-methoxyphenyl)methyljthio-4-methyl-6-(3-nitro-
phenyl)-1,5(6H)-pyrimidinedicarboxylic acid, 5-methyl
1-[(S)-1-[(1,1-dimethylethoxy)carbonyl}-5-(methox-
ycarbonyl)-3-pyrrolidinyl]ester as a yellow foam.

b)
(—)-1,2,3,4-Tetrahydro-6-methyl-4-(3-nitrophenyl)-2-
thioxo-5-pyrimidinecarboxylic acid, methyl ester

The ester product from part (a) (3.47 g., 4.97 mmole)
1s added to a mixture of trifluoroacetic acid (10 ml.) and
anisole (10% by volume, 100 pul.) at 0° under nitrogen.
After 2 hours the trifluoroacetic acid is removed in

vacuo. The residue is dissolved in dichloromethane (30 40

ml.), washed with sodium bicarbonate (2 X 15 ml.), dried
over anhydrous magnesium sulfate, filtered, and imme-
diately absorbed onto Celite and flash chromato-
graphed (600 g. LPS-1 silica gel) eluting with ethyl
acetate:hexanes:methanol (80:20:1) to give 3,6-dihydro-
4-methyl-6-(3-nitrophenyl)-2-thioxo-1,5(2H)-
pyrimidinedicarboxylic acid, S5-methyl 1-[(S)-5-(me-
thoxycarbonyl)-3-pyrrolidinyl] ester, isomer A; TLC
(silica gel; ethyl acetate: hexanes:methanol; 80:20:1)
R=0.37 and 1somer B; TLC (silica gel; ethyl acetate:-
hexanes:methanol, 80:20:1) R/=0.25.

The isomer A product is hydrolyzed in sodium meth-
oxide (2 eq., 0.8 ml., 3.5 ml.) and methanol (3 ml.) over-
night at room temperature. The suspension is acidified
with ether/hydrochloric acid to give 567.2 mg. of (—)-
1,2,3,4-tetrahydro-6-methyl-4-(3-nitrophenyl)-2-thioxo-
J-pyrimidinecarboxylic acid, methyl ester as a white
crystalline solid. TLC (silica gel; ethyl acetate:hexanes,
1:2) Rr=0.23; [a]ss9?0= —28.8° (c=0.5, dimethylsulf-
oxide).

o)
(—)-3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, 5-methyl
1-(1-methylethyl) ester

Bis(tnmethylsilyl)trifluoroacetamide (1 eq., 425 ul.,
1.6 mmole) 1s added to a mixture of (—)-1,2,3,4-tetrahy-
dro-6-methyl-4-(3-nitrophenyl)-2-thioxo-5-
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pyrimidinecarboxylic acid, methyl ester (501 mg., 1.6
mmole) in neat pyridine (3.2 ml.) at 0° under nitrogen.
The mixture 1s stirred for 30 minutes at 0° and isopropyl
chloroformate (1 eq., 182 ul., 1.6 mmole) is added. The
mixture 1s stirred to room temperature overnight. After
diluting with ethyl acetate (30 ml.), the mixture is
washed with IN hydrochloric acid 2x 10 ml.) and
sodium bicarbonate (2X 10 ml.), dried over anhydrous
magnesium sulfate, filtered, and stripped to give a
brown oil. Flash chromatography (60 g. LPS-1 silica
gel) eluting with ethyl acetate: hexanes (1:4) gives a pale
yellow oil which crystallizes upon standing. Recrystal-
lization from ethyl acetate:hexane (1:3) gives 120.4 mg.

- of solid (—)-3,6-dihydro-4-methyl-6-(3-nitrophenyl)-2-

thioxo-1,5(2H)-pyrimidinedicarboxylic acid, 5-methyl
1-(1-methylethyl) ester; m.p. 157°-158°;
[a]s8920=—54.7 (c=1, CDCl3) TLC (silica gel; ethyl
aceate:hexanes, 1:2) R/=0.47.

Anal. calc’d. for C17H19N306S: C, 51.90; H, 4.86:N,
10.68; S, 8.15. Found: C, 51.67; H, 4.72;N, 10.29; S, 7.92.

EXAMPLE 120

(+)-3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, 5-methyl
1-(1-methylethyl) ester

a)
(+)-1,2,3,4-Tetrahydro-6-methyl-4-(3-nitrophenyl)-2-
thioxo-5-pyrimidinecarboxylic acid, methyl ester

3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-

1,5(2H)-pyrimidinedicarboxylic acid, 5-methyl 1-[(S)-5-
(methoxycarbonyl)-3-pyrrolidinyl]ester, isomer B (1.12
g., from Example 115 (b)) is dissolved in methanol (2
ml.) and treated with 4.37M sodium methoxide in meth-
anol (2 eq., 1.1 ml.) and stirred overnight. The mixture
1s acidified with ether/hydrochloric acid and a very fine
precipitate is filtered off. The mother liquor is diluted
with ether and cooled overnight. The pure product is
obtained by suction filtration of the granular crystals to
give 300.6 mg. of (4-)-1,2,3,4-tetrahydro-6-methyl-4-(3-
nitrophenyl)-2-thioxo-5-pyrimidinecarboxylic acid,
methyl ester; [a]ssg?0= +28.3° (¢ =0.5, dimethylsulfox-
ide).

(+)-3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, 5-methyl
1-(1-methylethyl) ester

Bis(trimethylsilyDtrifluoroacetamide (1 eq., 199 ul.,
0.75 mmole) 1s added to a mixture of (4)-1,2,3,4-tet-
rahydro-6-methyl-4-(3-nitrophenyl)-2-thioxo-5-
pyrimidinecarboxylic acid, methyl ester (230 mg., 0.75
mmole) in neat pyridine (1.5 ml.) at 0° under nitrogen
and stirred for 30 minutes. Isopropyl chloroformate (1
eq., 85.4 ul., 0.75 mmole) is added dropwise to the mix-
ture at 0" and the reaction is stirred at room temperature
overnight. After diluting with ethyl acetate (20 ml.), the
mixture is washed with IN hydrochloric acid (210
ml.) and sodium bicarbonate (210 ml.), dried over
anhydrous magnesium sulfate, filtered, and stripped in
vacuo. Flash chromatography (LPS-1 silica gel; eluting
with ethyl acetate:hexanes) gives 149.7 mg. of crude
product. This product is recrystallized from ethyl aceta-
te:hexanes (1:3). A yellow solid is filtered off and the
mother liquor is reduced in vacuo and the solid is tritu-
rated with ethyl acetate:hexanes (1:3) to give 78.1 mg.
of solid (+)-3,6-dihydro-4-methyl-6-(3-nitrophenyl)-2-



9,202,330

97
thioxo-1,5(2H)-pyrimidinedicarboxylic acid, 5-methyl
1-(1-methylethyl) ester; m.p. 155.5°-157°;
{a)s8920=+56.7 (c=1, CDCl3) TLC (silica gel; ethyl
acetate: hexanes, 1:2) Rr=0.33.

Anal. calc’d. for C17H19N306S: C, 51:90; H, 4.86;N, S

10.68; S, 8.15. Found: C, 51.84; H, 4.84;N, 10.60; S, 7.94.

- EXAMPLE 121

(—)-3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid,
bis(1-methylethyl) ester

a)
2-[[(4-Methoxyphenyl)methyl]thio]-4-methyl-6-(3-
nitrophenyl)-1,5(6H)-pyrimidinedicarboxylic acid,

5-(1-methylethyl)
1-{(S)-1-[(1,1-dimethylethoxy)carbonyl}-5-(methox-
ycarbonyl)-3-pyrrolidinyljester

A solution of phosgene in benzene (1.3M, 1.3 eq., 21.9
ml.) is added dropwise to a mixture of 1,4-dihydro-2-
[{(4-methoxyphenyl)methyl]thio]-6-methyl-4-(3-nitro-

- phenyl)-5-pyrimidinecarboxylic acid, 1-methylethyl
ester (10.0 g., 22 mmole) in neat pyridine (44 ml.) at
room temperature under nitrogen and allowed to stir
for one hour. A solution of 1-[(1,]1-dimethylethoxy)car-
bonyll-4-(trans-hydroxy)-L-proline, methyl ester (8.6
g., 1.6 eq., 35.2 mmole) in neat benzene (20 ml.) is added
dropwise and the mixture is allowed to stir at room
temperature for 48 hours. The mixture is then diluted
with ethyl acetate (100 ml.) and washed with sodium
bicarbonate (2Xx100 ml.), sodium dihydrogen phos-
phate (2 X 100 ml.), and brine. The organic layer 1s dried
over anhydrous magnesium sulfate, filtered, and re-
duced in vacuo to give a brown oil. Flash chromatogra-
phy eluting with ethyl acetate:hexane (1:2) gives 5.23 g.
of 2-[[(4-methoxyphenyl)methyl}thio}-4-methyl-6-(3-
nitrophenyl)-1,5(6H)-pyrimidinedicarboxylic acid, 5-(1-
methylethyl) 1-[(S)-1-[(1,1-dimethylethoxy)carbonyl]-
5-(methoxycarbonyl)-3-pyrrolidinyl]ester as a yellow
oil.

b)
(—)-1,2,3,4-Tetrahydro-6-methyl-4-(3-nitrophenyl)-2-
‘thioxo-5-pyrimidinecarboxylic acid, 1-methylethyl ester

10
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c) |
(—)-3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,52H)-pyrimidinedicarboxylic acid,
bis(1-methylethyl) ester

Bis(trimethylsily])trifluoroacetamide (1.1 eq., 436 pul.,
1.6 mmole) is added to a solution of (—)-1,2,3,4-tetrahy-
dro-6-methyl-4-(3-nitrophenyl)-2-thioxo-5-
pyrimidinecarboxylic acid, 1-methylethyl ester (1.49
mmole) in pyridine (2.98 ml.) and dry tetrahydrofuran
(2.98 mmole) at 0° under nitrogen. The mixture is
stirred at 0° for one hour and then the temperature is

- reduced to —78° (dry ice/acetone). A solution of iso-
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- A solution of the ester product from part (a) (4.45 g., 45

6.12 mmole) in dry dichloromethane (5 ml.) i1s added
dropwise to a solution of trifluoroacetic acid (12 ml.)

and anisole (1.2 ml.) at 0° under nitrogen. After 2.5

hours, the trifluoroacetic acid is stripped 1n vacuo and
the residue is dissolved in dichloromethane. The or-
ganic layer is washed with sodium bicarbonate (15 ml.),
dried over anhydrous magnesium sulfate, filtered, and
stripped. The crude product is immediately flash chro-
matographed (600 g. LPS-1 silica gel) eluting with ethyl
acetate:hexane:methanol (80:20:1) to give 3,6-dihydro-
4-methyl-6-(3-nitrophenyl)-2-thioxo-1,5(2H)-
pyrimidinedicarboxylic acid, 5-(1-methylethyl) 1-[(S)-5-
(methoxycarbonyl)-3-pyrrolidinyljester, isomer A and
isomer B as yellow oils.

The isomer A product is hydrolyzed in sodium meth-
oxide (0.64 ml., 6.12 mmole) and methanol (5 ml.) over-
night. The mixture is acidified with ether/hydrochloric
acid at 0° with stirring and then stripped in vacuo. The
resulting gum is triturated with cold methanol, filtered,
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and washed to give 584.6 mg. of (—)-1,2,3,4-tetrahydro- 65

6-methyl-4-(3-nitrophenyl)-2-thioxo-3-pyrimidinecar-
boxylic acid, 1-methylethyl ester as a beige solid; m.p.
greater than 250°.

propyl chloroformate (1.1 eq., 182 ul, 1.6 mmole) in

dry tetrahydrofuran (1 ml.) is added dropwise and the
mixture is stirred to room temperature overnight. The
mixture is diluted with ethyl acetate (20 ml.) and
washed with IN hydrochloric acid (2X10 ml.) and
sodium bicarbonate (210 ml.). The organic layer is
dried over anhydrous magnesium sulfate, filtered, and
reduced in vacuo to an oil. Flash chromatography (50 g.
LPS-1 silica gel) eluting with ethyl acetate:hexanes (1:4)
gives both mono and diacylated products. The fractions
of monoacylated product (Ry/=0.48) are reduced in
vacuo to give 272.9 mg. of crystalline solid. Recrystalli-
zation from ethyl acetate:hexanes gives 205.2 mg. of
(—)-3,6-dihydro-4-methyi-6-(3-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic “acid, bis(1-
methylethyl) ester as a yellow sohd; m.p. 146°-148°;
[a]sg920=—T71.4" (c=1.05, CDCl3) TLC (silica gel;
ethyl acetate:hexanes) Ry=0.48.

Anal calc’d. for Cj9H23N106S: C, 54.15; H, 5.50;N,
9.97; S, 7.61. Found: C, 54.00; H, 5.44N, 9.94; S, 7.36.

EXAMPLE 122
(+)-3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid,

- bis(1-methylethyl) ester
a)
(+)-1,2,3,4-Tetrahydro-6-methyl-4-(3-nitrophenyl)-2-
thioxo-S-pynmidinecarboxylic acid, 1-methylethyl ester

3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-

1,5(2H)-pyrimidinedicarboxylic acid, 5-(1-methylethyl)

1-[(S)-5-(methoxycarbonyl)-3-pyrrolidinyl]ester, isomer
B [from Example 121 (b)] is hydrolyzed in sodium meth-
oxide and methanol according to the procedure of Ex-
ample 121 (b) to give (+)-1,2,3,4-tetrahydro-6-methyl-
4-(3-nitrophenyl)-2-thioxo-5-pyrimidinecarboxylic acid,
1-methylethyl ester.

b)
(+)-3,6-Dihydro-4-methyl-6-(3-nitropheny})-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, bis
(I-methylethyl) ester

Bis(tnmethylstlytrifluoroacetamide (1.1 eq., 260 ul.,
0.98 mmole) is added to a solution of (4-)-1,2,3,4-tet-
rahydro-6-methyl-4-(3-nitrophenyl)-2-thioxo-5-
pyrimidinecarboxylic acid, 1-methylethyl ester (0.89
mmole) in pyndine (2 ml.) and tetrahydrofuran (2 ml.)
at 0° under nitrogen. After one hour the temperature is
lowered to —78° (dry ice/acetone), and a solution of
isopropyl chloroformate (1.1 eq., 112 ul.) in tetrahydro-
furan (1 ml.) 1s added dropwise. The mixture is stirred at
room temperature overnight. The mixture is diluted
with ethyl acetate (10 ml.) and washed wtih IN hydro-
chloric acid (2 X5 ml.) and sodium bicarbonate (2 x5
ml.). The organic layer 1s dried over anhydrous magne-
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sium sulfate, fiitered, and dried to give a brown oil.
Flash chromatography (35 g. LPS-silica gel) eluting
with ethyl acetate:hexanes (1:4) gives the monoacylated
product (Ry=0.5) as a yellow solid. Recrystallization
from ethyl acetatechexanes yields 93 mg. of (4)-3,6-
dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-1,5(2H)-
pyrimidinedicarboxylic acid, bis (1-methylethyl) ester
as a yellow crystalline solid; m.p. 146°-148°;
[a)s8920= +68.5° (c=1, CDCIl3) TLC (silica gel; ethyl
acetate:hexanes, 1:2) R=0.5.

Anal. calc’d. for CioH23N306S: C, 54.15; H, 5.50:N,
9.97; S, 7.61. Found: C, 54.14; H, 5.57;N, 9.94; S, 7.39.

EXAMPLE 123

(—)-3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, 1-ethyl
5-(1-methylethyl) ester

Bis(trmmethylsilyl)trifluoroacetamide (2.1 eq., 1.5 ml.,
5.64 mmole) is added to a mixture of (~)-1,2,3,4-tet-
rahydro-6-methyl-4-(3-nitrophenyl)-2-thioxo-5-
pyrimidinecarboxylic acid, 1-methylethyl ester (900
mg., 2.68 mmole) in dry tetrahydrofuran (5 ml.) and
pyridine (5 ml.) at 0° under nitrogen. After stirring for
one hour the bath temperature is lowered to —78° (dry
ice/acetone), and a solution of ethyl chloroformate (2.1
¢q., 0.54 ml, 5.64 mmole) in tetrahydrofuran (1 ml.) is
added dropwise with stirring. The mixture is then
brought to room temperature and stirred for 2 hours.
The mixture is then diluted with ethyl acetate (25 ml.)
and washed with sodium bicarbonate (220 ml.) and
water (2X 20 ml.). The organic layer is dried over anhy-
drous magnesium sulfate, filtered, and stripped to give
an oil. This oil is allowed to stand overnight and resid-
ual pyndine hydrolyzes the diacylated intermediate to
the desired monoacylated product. Flash chromatogra-
phy (100 g. of Baker 40 mesh silica) eluting with ethyl
acetate:hexanes (1:3) gives 455.3 mg. of (—)-3,6-dihy-
dro-4-methyl-6-(3-nitrophenyl)-2-thioxo-1,5(2H)-
pyrimidinedicarboxylic acid, 1-ethyl 5-(1-methylethyl)
ester as a yellow solid; m.p. 120°-122°; [a]s8920= —57.7°
(c=124, CDCl3) gel; ethyl acetate:hexanes, 1:2)
R=0.5.

Anal. calc’d. for CigH21N306S: C, 53.06; H, 5.20;N,
10.30; S, 7.87. Found: C, 53.23; H, 5.17;N, 10.31; S, 7.81.

EXAMPLE 124

(+)-3,6-Dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic acid, 1-ethyl
5-(1-methylethyl) ester

Bis(trimethylsilyl)trifluoroacetamide (2.1 eq., 0.82
ml., 3.1 mmole) is added to a mixture of (+)-1,2,3,4-tet-
rahydro-6-methyl-4-(3-nitrophenyl)-2-thioxo-5-
pyrimidinecarboxylic acid, 1-methylethyl ester (500
mg., 1.49 mmole) 1n pyridine (3 ml.) and tetrahydrofu-
ran (3 ml.) at 0° under nitrogen. After one hour, the bath
temperature is reduced to —78° (dry ice/acetone) and a
solution of ethyl chloroformate (2.1 eq., 0.3 ml., 3.1
mmole) in tetrahydrofuran (1 ml.) is added dropwise to
the mixture. After the addition is completed, the bath is
removed and the reaction is stirred to room temperature
for one hour. The mixture is then poured into ethyl
acetate (10 ml.) and washed with sodium bicarbonate
(2 X7 ml.) and water (7 ml.). The organic layer is dried
over anhydrous magnesium sulfate, filtered, and re-
duced in vacuo to give the diacylated intermediate.
After standing under vacuum overnight in the residual
pyridine all the diacylated material had been converted
to the desired monoacylated product. Flash chromatog-
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raphy (60 g. Baker 40 mesh silica gel) eluting with ethyl
acetate: hexanes (1:3) gives 407 mg. of product as a pale
yellow solid. Recrystallization from ethyl acetate:hex-
anes (1:4) gives 273 mg. of (4)-3,6-dihydro-4-methyl-6-
(3-nitrophenyl)-2-thioxo-1,5(2H)-pyrimidinedicarboxy-
lic acid, 1-ethyl 5-(1-methylethyl) ester as a yellow
solid; m.p. 120°-121°; [a]sg9?9= +56.8° (c=1, CDCl3).
TLC (silica gel; ethyl acetate:hexanes, 1:2) Rr=0.5.
Anal. calc’d. for C1sH21N306S: C, 53.06; H, 5.20:N,
10.31; S, 7.87. Found: C, 53.41; H, 5.28;N, 10.08: S, 8.07.

EXAMPLE 125

1,2,3,4-Tetrahydro-6-methyl-4-(3-nitrophenyl)-3-(1-
oxopropyl)-2-thioxo-5-pyrimidinecarboxylic acid,
methyl ester

8) 1,6-Dihydro-2-[[(4-methoxyphenyl)methyl]thio)
4-methyl-6-(3-nitrophenyl)-1-(1-oxopropyl)-5
pyrimidinecarboxylic acid, methyl ester

1,4-Dihydro-2-[[(4-methoxyphenyl)methyl}thio]-6-

methyl-4-(3-nitrophenyl)-5-pyrimidinecarboxylic acid,
methyl ester (1.52 g., 3.5 mmole) in 15 ml of dichloro-
methane is cooled under argon to 0°~5° C. and treated
with propionyl chloride (0.43 g., 4.7 mmole) and pyri-
dine (0.55 g., 7.0 mmole). The mixture is then allowed to
stir at room temperature for 3 hours, diluted with ether
and the salt is filtered. The filtrate is washed with water,
IN hydrochloric acid, water, aqueous sodium bicarbon-
ate, water and saturated brine. The aqueous fractions
are back extracted with fresh ether. The combined or-
ganic solutions are dried (magnesium sulfate) and con-
centrated in vacuo to give 1.6 g. of a viscous oily prod-
uct.

b)
1,2,3,4-Tetrahydro-6-methyl-4-(3-nitrophenyl)-3-(1-
oxopropyl)-2-thioxo-5-pyrimidinecarboxylic acid,

methyl ester

1,6-Dihydro-2-[[(4-methoxyphenyl)methyl]thio]-4-

methyl-6-(3-nitrophenyl)-1-(1-oxopropyl)-5-
pyrimidinecarboxylic acid, methyl ester (1.6 g, 3.3
mmole) in 20 ml of dichloromethane under argon at
room temperature is treated with trifluoroacetic acid
(0.75ml, 1.1 g., 9.7 mmole) and ethanethiol (0.4 ml, 0.33
g, 5.4 mmole). After 3 hours, volatiles are evaporated in
vacuo and the residue (solidified) is triturated with iso-
propyl ether to give 0.95 g. of product, m.p. 167°-171°.
TLC(silica gel; ethyl acetate:hexanes, 1:1) R=0.50.

~Analysis calc’d. for CjgH;7N30sS: C, 52.88: H,
4.72;N, 11.56; S, 8.82. Found: C, 52.83; H, 4.74:N, 11.45;
S, 8.71.

EXAMPLE 126

1,2,3,4-Tetrahydro-6-methyl-4-(3-nitrophenyl)-3-(1-
ox0-2-phenylethyl)-2-thioxo-5-pyrimidinecarboxylic
acid, methyl ester

a) |
1,6-Dihydro-2-[[(4-methoxyphenyl)methyl]thio}4-
methyl-6-(3-nitrophenyl)-1-(1-oxo-2-phenylethyl)-5-
pyrimidinecarboxylic acid, methyl ester

1,4-Dihydro-2-[[(4-methoxyphenyl)methyl]thio]-6-
methyl-4-(3-nitrophenyl)-5-pyrimidinecarboxylic acid,
methyl ester (1.52 g., 3.5 mmole) in 15 ml. of dichloro-
methane is cooled under argon to 0°-5° and treated with
pyridine (0.6 ml., 0.55 g., 7.0 mmole) and phenylacetyl
chloride (0.72 g., 4.7 mmole). The mixture is then al-
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lowed to stir at room temperature for 4 hours; a small
amount of starting material remained unchanged during
the last two hours.

The reaction mixture is diluted with ether and
washed with water, IN hydrochloric acid, water, so-
dium bicarbonate, water and saturated brine. The aque-
ous fractions are backwashed with fresh ether. The
combined organic solutions are dried (magnesium sul-
fate) and concentrated in vacuo to give 1.95 g. of crude
oily product. Flash chromatography on 250 ml. of silica
gel and elution with ethyl acetate/hexane (1:3) gives
1.25 g. of the title compound.

b)
1,2,3,4-Tetrahydro-6-methyl-4-(3-nitrophenyl)- 3-(1-
0x0-2-phenylethyl)-2-thioxo-5-pyrimidine-carboxylic
acid, methyl ester

A solution of 1,6-dihydro-2-[[(4-methoxyphenyl)me-
thyl]thio]l-4-methyl-6-(3-nitrophenyl)-1-(1-0x0-2- .
phenylethyl)-5-pyrimidinecarboxylic acid, methyl ester
(1.25 g., 2.25 mmole) in 15 ml. of dichloromethane
under argon at room temperature is treated with trifiuo-
roacetic acid (0.6 ml., 0.85 g., 7.7 mmole) and ethane-
thiol (0.4 ml, 0.33 g., 5.4 mmole). After 4 hours, vola-
tiles are evaporated in vacuo to give a solid residue.
Trituration with isopropyl ether gives 0.72 g. of pale
yellow powder which is recrystallized from ethyl
- acetate/isopropyl ether to give 400 mg. of the title com-
pound, m.p. 155°-156.5°. TLC (silica gel; ethyl acetate:-
hexanes, 1:1) R/=0.46. |

Analysis calc’d. for C31Hp9N3OsS: C, 59.28: H,
4.50;N, 9.88; S, 7.54. Found: C, 59.21; H, 4.47;N, 9.73; S,
7.12.

EXAMPLE 127

1,2,3,4-Tetrahydro-6-methyl-3-[(4-methoxyphenyl)car-
-~ bonyl]-4-(3-nitrophenyl)-2-thioxo-5-pyrimidinecar-
boxylic acid, ethyl ester

a)
1,6-Dihydro-2-[[(4-methoxyphenyl)methyl]thio]-4-
methyl-6-(3-nitrophenyl)-1-[(4-methoxyphenyl)car-
bonyl}-5-pyrimidinecarboxylic acid, ethyl ester

A solution of 1.5 g. (0.0034 mole) of 1,4-dihydro-2-
[[(4-methoxyphenyl)methyl]thio]-6-methyl-4-(3-nitro-
phenyl)-S-pyrimidinecarboxylic acid, ethyl ester in 10
ml. of dichloromethane containing 0.6 ml. (0.0074 mole)
of pyridine is treated gradually with a solution of 0.70 g
(0.0041 mole) of p-anisoyl chloride in 10 ml. of dichlo-
romethane. After stirring for 16 hours at room tempera-
ture, dichloromethane 1s added and the solution is
washed with water, IN hydrochloric acid, sodium bi-
carbonate and brine. The dried solution is evaporated to
gwe 1.8 g. of an impure o0il. Flash chromatography
using ethyl acetate/hexane (1:3) gives 1.58 g. of yellow
oil.

b)
1,2,3,4-Tetrahydro-6-methyl- 3-[(4—methoxyphcnyl)car-
- bonyl]-4-(3-nitrophenyl)-2-thioxo-5pyrimidinecarboxy-
lic acid, ethyl ester

A solution of 1.5 g. (0.0026 mole) of 1,6-dihydro-2-
[[(4-methoxyphenyl)methyljthio]-4-methyl-6-(3-nitro-
phenyl)-1-[(4-methoxyphenyl)carbonyl]-5-
pyrimidinecarboxylic acid, ethyl ester in 15 ml. of di-
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thiol. After stirnng for 48 hours, the solvent is evapo-
rated and the o1l residue is triturated with isopropyl
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ether to form 0.91 g. of the title compound as a yellow
solid, m. p. 130°-132°. TLCg(silica gel; ethyl acetate
hexane, 1:1) R/=0.50.

Anal. calc’d. for CH31N306S: C, 58.01; H, 4.64:N,
9.22; S, 7.03. Found: C, 57.60; H, 5.01:N, 94? S, 6.92.

EXAMPLE 128

1,2,3 4~Tctrahydro-6-methyl-4-(3-mtr0phenyl) 3-[(4-

mtmpheny])carbonyl]-2-th10xo-S—pynmldmecarboxyhc |
acid, ethyl ester

a)
1,6-Dihydro-2-[[(4-methoxyphenyl)methyl]thio]-4-
methyl-6-(3-nitrophenyl)-1-[(4-nitrophenyl)
carbonyl]-5-pyrimidinecarboxylic acid, ethyl ester

A solution of 1.5 g. (0.0034 mole) of 1,4-dihydro-2-
[[(#methoxyphenyl)methyl]thio]—6-methyl-4-(3-nitro-
phenyl)- 5-pyrimidinecarboxyllc acid, ethyl ester in 10
ml. of dichloromethane is added gradually to a solution
of 0.76 g. (0.0041 mole) of p-nitrobenzoyl chloride in 10
ml. of dichloromethane containing 0.6 ml. (0.0074 mole)
of pyridine. After stlrrmg for 4 hours at room tempera-
ture, dichloromethane is added and the solution is
washed with water, IN hydrochloric acid, sodium bi-
carbonate and brine. The dried solution is evaporated to
give 2.0 g. of an oil. Flash chromatography using ethyl
acetate/hexane (1:4) gave a yellow oil. Trituration with

1sopropyl ether gives 1.32 g. of the title compound as a
yellow solid, m. p. 121°-123°,

b)
1,2,3,4-Tetrahydro-6-methyl-4-(3-nitrophenyl)-3-[(4-
nitrophenyl)carbonyl]-2-thioxo-5-pyrimidinecarboxylic
acid, ethyl ester

A solution of 1.3 g. (0.0022 mole) of 1,6-dihydro-2-
[[(4-methoxyphenyl)methyl]thlo]-4-methy1 6-(3-nitro-
phenyl)-1-{(4-nitrophenyl)carbonyl]-Spyrimidinecar-
boxylic acid, ethyl ester, 0.75 ml. (0.0097 mole) of triflu-
oroacetic acid and 0.32 g. (0.0050 mole) of ethanethiol
in 15 ml. of dichloromethane is stirred at room tempera-
ture for 24 hours. The solvent is evaporated and the
residue is triturated with isopropyl ether to give 0.95 . g
of the title compound as a yellow solid, m.p. 139°-141°.
TLC (silica gel; ethyl acetate:hexane, 1:1) Rs=0.35.

Analysis calc’d. for C21H9N3OsS: C, 59.27: H,

4.50;N, 9.80; S, 7.53. Found: C, 59.92; H, 4.49;N, 9.79: S,
1.46.

EXAMPLE 129

3-Benzoyl-1,2,3,4-tetrahydro-6-methyl-4-(3-nitro-
phenyl)-2-thioxo-5-pyrimdinecarboxylic acid, ethyl
ester

a) 1-Benzoyl-1,6-dihydro-2-[[(4-methoxyphenyl)
methyl]thio}-4-methyl-6-(3-nitrophenyl)-5-
pyrimidinecarboxylic acid, ethyl ester

A cold solution (5°) of 2.0 g. (0.0045 mole) of 1,4-
dihydro-2-[[(4-methoxyphenyl)methyl]thio]-6-methyl-
4-(3-n1tmphcny1) -J>-pyrimidinecarboxylic acid, ethy!
ester in 25 ml. of dichloromethane containing 0.72 g.
(0.0091 mole) of pyridine is treated slowly with a solu-
tion of 0.76 g. (0.0054 mole) of benzoyl chloride in 3 ml.
of dichloromethane. After stirring at room temperature
for 16 hours, the solution is diluted with dichlorometh-
ane and washed with water, IN hydrochloric acid,
sodium bicarbonate and brine. The dried solution is
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evaporated to give 2.37 g. of a viscous oil which is not
purified.

b)
3-Benzoyl-1,2,3,4-tetrahydro-6-methyl-4-(3-nitro-
phenyl)-2-thioxo-5-pyrimidinecarboxylic acid, ethyl
- ester

A solution of 2.2 g. (0.0040 mole) of 1-benzoyl-1,6-
dihydro-2-[[(4-methoxyphenyl)methyl}thio-4-methyl-6-
(3-nitrophenyl)-5-pyrimidinecarboxylic acid, ethyl es-
ter, 1.53 ml. (0.0198 mole) of trifluoroacetic acid and 0.6
g. (0.0092 mole) of ethanethiol is stirred at room tem-
perature for 24 hours. The solvent is evaporated. Tritu-
ration of the oil residue with isopropyl ether gives 1.2 g.
of a yellow solid (mixture), m. p. 152°-156°".

This material is dissolved in a small amount of ethyl
acetate. Approximately 2.0 g. of silica gel 1s added and
the solvent is evaporated in vacuo to give a dry powder
which is placed on a column of silica gel. Flash chroma-
tography using dichloromethane gives 0.55 g. of the
title compound as a yellow solid, m. p. 173°-175°.
TLC(silica gel; ethyl acetate:hexanes, 1:1) Ry/=0.60.

Analysis calc’d. for Ca1H19N30s5S: C, §59.27; H,
4.50:N, 9.87; S, 7.53. FOUND: C, 58.92; H, 4.49; N,
9.79; §, 7.46. |

EXAMPLE 130

1,2,3,4-Tetrahydro-6-methyl-4-(3-nitrophenyl)-3-(1-
oxopropyl)-2-oxo-5-pyrimidinecarboxylic acid, ethyl
ester

A solution of 1,4-dihydro-2-methoxy-6-methyl-4-(3-
nitrophenyl)-5-pyrimidinecarboxylic acid, ethyl ester
(750 mg., 2.35 mmole) and dry pyridine (0.57 ml., 7.05
mmole) in dichloromethane (5.0 ml.) at —20° (me-
thanol/ice bath) under argon is treated dropwise via
gas-tight syringe with propionyl chloride (0.26 ml., 2.82
mmole). The reaction mixture is stirred for 2.0 hours
and evaporated. The solid yellow residue is dissolved in
methanol (25 ml.) and tetrahydrofuran (15 ml.) and
treated with 5N hydrochloric acid (6.0 ml.). After stir-
ring at room temperature for 1.0 hour, the reaction
mixture is evaporated. The residue 1s partitioned be-
tween ethyl acetate and sodium bicarbonate solution.
The organic phase is washed with saturated sodium
chloride, dried over magnesium sulfate, and evapo-
rated. The residue is flash chromatographed to give the
title compound as a white foam (567 mg.). This foam is
combined with material from another batch (290 mg.)
and recrystallized from dichloromethane/isopropyi
ether to give large shiny white crystals (784 mg., m. p.
152°~154°). TLC(silica gel; 50% ethyl acetate:hexanes)
R=0.57.

Analysis calc’d. for C17H19N30¢: C, 56.50; H, 5.30;N,
11.63. Found: C, 56.59; H, 5.25;N, 11.57.

EXAMPLE 131

3-(2,2-Dimethyl-1-oxopropyl)-1,2,3,4-tetrahydro-6-
methyl-4-(3-nitrophenyl)-2-0x0-5-pyrimidinecarboxylic
acid, ethyl ester

A solution of 1,4-dihydro-2-methoxy-6-methyl-4-(3-
nitrophenyl)-5-pyrimidinecarboxylic acid, ethyl ester
(0.96 g., 3.0 mmole), dry triethylamine (1.25 ml, 9.0
mmole), and dimethylaminopyridine (36 mg., 0.3
mmole) in dichloromethane (12 ml.) under argon is
treated with pivaloyl chloride (0.44 ml., 3.6 mmole).
After stirring for 45 minutes at room temperature, the
reaction mixture is evaporated. The residue is taken up
in tetrahydrofuran/methanol (10 ml. each) and treated
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with 2N hydrochloric acid (6.0 ml., pH 1). After stirring
at room temperature for 3.0 hours, the reaction 1is
quenched with saturated sodium bicarbonate, partially
evaporated and extracted with ethyl acetate. The or-
ganic phase is washed with saturated sodium chloride
and evaporated. Flash chromatography and crystalliza-
tion from dichloromethane/isopropyl ether gives the
title compound as white crystals (420 mg. , m. p.
155°~156°. TLC(silica gel; ethyl acetate:hexane,
1:1)R=0.67.

Analysis calc’d. for Ci19gH23N30¢: C 58.60; H, 5.95N,
10 79. Found: C, 58.62; H, 5.89;N, 10.64.

Additional compounds prepared according to the
procedure of Examples 125-131 and falling within the
scope of this invention are:

3-benzyl-1,2,3,4-tetrahydro-6-methyl-4-(3-nitrophenyl)-
- 2-0x0-5-pyrimidinecarboxylic acid, 2-[(methylX-
phenylmethyl)amino]ethyl ester;
4-(4-benzofurazanyl)-1,2,3,4-tetrahydro-6-methyl-2-
0x0-3-[1-0x0-3-[4-(phenylmethyl)-1piperazinyl]-
propyl]-S-pyrimidinecarboxylic acid, ethyl ester;
1,2,3,4-tetrahydro-6-methyl-4-[2-(methylthio)-3-
pyridinyl]-2-o0x0-3-(1-oxobutyl)-S-pyrimidinecar-
boxylic acid, ethyl ester;
4-(2-chloro-3-nitrophenyl)-1,2,3,4-tetrahydro-6-methyl-
2-0x0-3-(1-0x0-2-methylpropyl)-5-pyrimidinecar-
boxylic acid, ethyl ester;
4-(2-chlorophenyl)-1,2,3,4-tetrahydro-6-methyl-2-oxo-
3-[1-0x0-3-(dimethylamino)propyl-]-5-pyrimidinecar-
boxylic acid, ethyl ester;
3-benzoyl-1,2,3,4-tetrahydro-6-methyl-4-(3-nitro-
phenyl)-2-thioxo-5-pyrimidinecarboxylic  acid,
[(methy)(phenylmethyl)amino]ethyl ester;
4-(2,3-dichlorophenyl)-1,2,3,4-tetrahydro-6-methyl-3-
(1-oxopropyl)-2-thioxo-5-pyrimidinecarboxylic acid,
1-(phenylmethyl)-4-piperidinyl ester;
3-(cyclopentylcarbonyl)-1,2,3,4-tetrahydro-6-methyl-4-
(2-nitrophenyl)-2-thioxo-5-pyrimidinecarboxylic
acid, 2-[4-(diphenylmethyl)-1-piperazinyljethyl ester;
1,2,3,4-tetrahydro-6-methyl-3-[1-0x0-3-[(methyl X-
phenylmethyl)amino]propyl]-2-thioxo-4-[2-(tri-
fluoromethyl)phenyl}-5-pyrimidinecarboxylic  acid,
ethyl ester;
4-(2,1,3-benzoxadiazol-4-yl)-1,2,3,4-tetrahydro-6-meth-
yl-3-[1-0x0-3-[4-(phenylmethyl)-1-piperazinyl]-
propyl]-2-thioxo-5-pyrimidinecarboxylic acid, ethyl
ester;
1,2,3,4-tetrahydro-6-methyl-4-[2-(methylthio)-3-
pyridinyl}-3-(1-oxobutyl)-2-thioxo-5pyrimidinecar-
boxylic acid, ethyl ester; | |
4-(2,3-dichlorophenyl)-1,2,3,4-tetrahydro-6-methyl-2-
ox0-3-(1-oxopropyl)-5-pyrimidinecarboxylic  acid,
1-(phenylmethyl)-4-piperidinyl ester;
3-(cyclopentylcarbonyl)-1,2,3,4-tetrahydro-6-methyl-2-
0x0-4-(2-nitrophenyl)-5-pyrimidinecarboxylic acid,
2-[4-(diphenylmethyl)-1-piperazinyl]ethyl ester:
1,2,3,4-tetrahydro-6-methyl-2-0x0-3-[1-0x0-3-[(me-
thyl)}(phenylmethyl)amino}propyl]-4-[2(trifluorome-
thyl)phenyl]-5-pyrimidinecarboxylic acid, ethyl es-
ter;
4-(2-chloro-3-nitrophenyl)-1,2,3,4-tetrahydro-6-methyl-
3-(1-0x0-2-methylpropyl)-2-thioxo-5-pyrimidinecar-
boxylic acid, ethyl ester; and
4-(2-chlorophenyl)-1,2,3,4-tetrahydro-6-methyl-3-[1-
0x0-3-(dimethylamino)propyl]-2-thioxo-5-
pyrimidinecarboxylic acid, ethyl ester.

2.
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EXAMPLE 132

1000 tablets each containing the following ingricdi-
ents:

S
3,6-Dihydro-4-methyl-6-[2- 100 mg.
(trifluoromethyl)phenyl]-2-thioxo-
1,5(2H)-pyrimidinedicarboxylic
acid, diethyl ester
Cornstarch 50 mg. 10
Gelatin | 1.5 mg.
Avicel(microcrystalline cellulose) 25 mg
Magnesium stearate 2.0 mg.

185 mg.
15

are prepared from sufficient bulk quantities by mixing
the 3,6-dihydro-4-methyl-6-[2-(trifluoromethyl)-
phenyl}-2-thioxo-1,5(2H)-pyrimidinedicarboxylic . acid,
diethyl ester and cornstarch with an aqueous solution of
the gelatin. The mixture is dried and ground to a fine 20
powder. The Avicel and then the magnesium stearate
are admixed with granulation. This mixture is then com-
pressed in a tablet press to form 1000 tablets each con-
taining 100 mg. of active ingredient.

In a similar manner, tablets containing 100 mg. of the 25
product of any of Examples 1 to 54 and 56 to 131 can be
prepared.

A similar procedure can be employed to form tablets
containing 50 mg. of active ingredient. 10

EXAMPLE 133
Two piece #1 gelatin capsules are filled with a mix-
ture of the following ingredients:

| | | 35
3,6-Dihydro-4-methyl-6- 50 mg.
(3-nitrophenyl)-2-thioxo-1,5(2H)-
pyrimidinedicarboxylic acid,
diethyl ester
Magnesium stearate 7 mg. 40
Lactose 193 mg.

250 mg.

In a similar manner capsules containing 50 mg. of the
product of any of Examples 2 to 131 can be prepared. 45

EXAMPLE 134
An injectable solution is prepared as follows:

3,6-Dihydro-4-methyl-6-
(3-nitrophenyl)-2-0x0-1,5(2H)-
pyrimidinedinedicarboxylic acid,
diethyl ester

Methyl paraben

Propyl paraben

Sodium chlonde 2
Water for injection

500 g.

35

Wh LUh e UN
™02 00 B0

The active substance, preservatives, and sodium chlo-
ride are dissolved in 3 liters of water for injection and ¢
~ then the colume is brought up to 5 liters. The solution is
filtered through a sterile filter and aseptically filled into
presterilized vials which are closed with presterilized
rubber closures. Each vial contains 5 ml. of solution in
a concentration of 100 mg. of active ingredient per ml. 65
of solution for injection.

In a similar manner, an injectable solution containing
100 mg. of active ingredient per ml. of solution can be
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prepared for the product of any of Examples 1 and 3 to
131. |

EXAMPLE 135

1000 tablets each containing the following ingredi-
ents:

3,6-Dihydro-4-methyl-6-[2-

100 mg.
(trifluoromethyl)phenyl]-2-
thioxo-1,5(2H)-pyrimidinedi-
carboxylic acid, diethyl ester
Avicel 100 mg.
Hydrochiorothiazide 12.5 mg.
Lactose 113 mg.
Comstarch 17.5 mg.
Steanic acid 1 mg,
350 mg.

are prepared from sufficient bulk quantities by slugging
the 3,6-dihydro-4-methyl-6-[2-(trifluoromethyl)-
phenyl]-2-thioxo-1,5(2H)-pyrimidinedicarboxylic acid,
diethyl ester, Avicel, and a portion of the stearic acid.
The slugs are ground and passed through a #2 screen,
then mixed with the hydrochlorothiazide, lactose, corn-
starch, and remainder of the stearic acid. The mixture is
compressed into 350 mg. capsule shaped tablets in a
tabiet press. The tablets are scored for dividing in half.

In similar manner, tablets can be prepared containing

100 mg. of the product of any of Examples 1 to 54 and
56 to 131.

What is claimed is:
1. A compound of the formula

Ry H
N\ /
O C 0
I /7 XN |
Y—C—T h:—c—o-—n_a,
C C—R;
g \ /
X N

I
H -

including a pharmaceutically acceptable salt thefeof
wherein:

X 1s oxygen or sulfur;

Y is Ry or —O—Rg;

R is lower alkyl, aryl, cycloalkyl, -Ai-aryl, -A;-
cycloalkyl, -A-heterocyclo, -A7—OH, -A7—0O—-
lower alkyl, -A;—O—(CHj)m-aryl, -A,—SH,
-A—S—lower alkyl, -A—S—(CHj)-aryl,

Rs -0 Rs
/ I /
—Ary—N y = Ay=—C—N
N\ N\
Re Re¢
O
I
= A2==0O=—=C-lower alkyl,
O O
| - |

e Ay == C—(CH3) pyy-aryl, —A1—C—0~R7,

halo substituted lower alkyl,
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5
A N=—Rjo

R> is hydrogen, lower alkyl, lower alkenyl, lower
alkynyl, cycloalkyl, aryl, -A-cycloalkyl, -A;-aryl,
-A1-heterocyclo, -A1—OH, -A1—O—lJower alkyl, 1o
-A1—O—(CH2)m-aryl, -A1—SH, -A;—S—lower
alkyl, -A1—S—(CHj)m-aryl,

Rs O Rs
/ h 7/ 15
= A1™N ; =A== C~=~N .
N N\
R¢ Re
(IZI) ‘
= A1==0==C-lower alkyl, 20

1 i
=—A1=0=~C~(CH2)pm-aryl, —A)=C—0—R3,
or halo substituted lower alkyl; 25

R3 1s hydrogen, lower alkyl, aryl, cycloalkyl, -A;-
aryl, -Aj-cycloalkyl, -Aj-heterocyclo, -A,—OH,

-Ar—Q—lower alkyl, -A;—O-—(CHj);s-aryl,
-Ay—SH, -A;—S—lower alkyl, -A;—S—(CH,.
)m_aryls 30

R O R

/" N/

—A=N —Aj=C—N_

R¢ R¢

I
= A 1—O—C-lower alkyl,

O O 40
| 1
Ay OQ—C—(CH3)m-aryl, —A|—C~—0—Rj7,

N=—Rjg

substituted lower alkyl, or a pharmaceutically ac-
ceptable salt forming ion; 50
R4 is heterocyclo or aryl; |
Rsand Rg are independently selected from the group
consisting of hydrogen, lower alkyl, —(CH3),,—a-
ryl,
55
i i
—C-lower alkyl, and —C=—(CH3)m-ary),

or Rs and R¢ taken together with the N-atom to ,
which they are attached complete a heterocyclic
ring of the formula

65

Rg
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-continued

=N N=—Rg;

_/

Ry is hydrogen, lower alkyl, —(CHz)m—aryl or a
pharmaceutically acceptable salt forming ion;
Rg1s hydrogen, lower alkyl of 1 to 4 carbons, lower

alkoxy of 1 to 4 carbons, lower alkylthio of 1 to 4
carbons, halo, CF3, nitro, or hydroxy;

R 1s hydrogen, lower alkyl of 1 to 4 carbons,

Rs
—(CH2)m , OF

2

Rio1s lower alkyl of 1 to 4 carbons,

Rg
—-(CHZ)M s OF

2

R111s lower alkyl, aryl, cycloalkyl, heterocyclo, -A -
aryl, -Aj-cycloalkyl, -Aj-heterocyclo, -A;-OH,
-A|—O-lower alkyl, -A;—O-—(CH;),,—ary],
-A1—SH, -Aj—S—lower alkyl, -A;{—S—(CHa.
)M""'ary l: '

/
—Ai—N

Rjs O Rs
N/
’ _AI—C-N ’ y
N\ \
Re Ré N—~Rio

]
N-Ri0, —A;—0-—C-lower alkyl},

I i
A 1=0O=—=C—(CH))yaryl, —A;~=C=~0—R1,

or halo substituted lower alkyl;

Fllu
Ails —?-(Cﬂz)m—;
Ri3
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-continued
- Ria
Az1s ““IZ““(CHz)n—;
Ris

m is zero or an integer from 1 to 6;

n is an integer from 1 to 6;

Ri13 and R4 are independently selected from the
group consisting of hydrogen, lower alkyl of 1 to 4
carbons,

—(CHy), @ :

and —(CHj)—cycloalkysl;

r is zero or an integer from 1 to 3;

the term “lower alkyl” refers to straight or branched
chain hydrocarbon radicals of one to eight carbons;

the term “lower alkenyl” refers to straight or
branched chain hydrocarbon radicals of two to
eight carbons with one double bond;

the term “lower alkynyl” refers to straight or
branched chain hydrocarbon radicals of two to
eight carbons with one triple bond;

the term *“‘cycloalkyl” refers to saturated rings of 4 to
7 carbons;

the term “halo” refers to chloro, bromo, and fluoro;

the term “aryl” refers to phenyl, 1-naphthyl, 2-napht-
hyl, mono substituted phenyl, l1-naphthyl or 2-
naphthyl wherein said substituent is lower alkyl of
1 to 4 carbons, lower alkoxy of 1 to 4 carbons,
lower alkylthio of 1 to 4 carbons, halo, nitro, cy-
ano, hydroxy, amino, —NH—alkyl wherein alkyl
is of 1 to 4 carbons, —N(alkyl)awherein alkyl is of
1 to 4 carbons, —CF3, —NCS, —OCHF>,

Rs
- QO—CH;

~—(O—CHs—cycloalkyl,

Rs
e S=CH>

or
—S—CH-cycloalkyl, and di-substituted phenyl,
1-naphthyl], or 2-naphthyl wherein said substituents
are selected from the group consisting of methyl,
ethoxy, methylthio, halo, CF3, nitro, amino, and
OCHF;; and |

the term “heterocyclo” refers to 2- or 3-thienyl, 2-or
3-furyl, 2-, 3- or 4-pyridinyl, imidazolyl, 4-, 5-, 6-,
or 7-indolyl, 4-, 5-, 6-, or 7-isoindolyl, §-, 6-, 7, or
8-quinolinyl, 5-, 6-, 7-, or 8-isoquinolinyl, 4-, 5-, 6-
or 7-benzothiazolyl, 4-, 5-, 6-, or 7-benzoxazoly], 4-,
5., 6-, or 7-benzimidazolyl, 4-, 5-, 6-, or 7-benzox-
adiazoly], 4-, 5-, 6-, or 7-benzofuranyl, and substi-
tuted 2-, 3- or 4-pyridinyl wherein said substituent
is methyl, methoxy, or methylthio.
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2. A compound of claim 1 wherein:
the term “aryl” refers to phenyl, mono substituted
- phenyl wherein said substituent is lower alkyl of 1
to 4 carbons, lower alkoxy of 1 to 4 carbons, lower
alkylthio of 1 to 4 carbons, halo, nitro, cyano, hy-
droxy, amino, -NH-alkyl wherein alkyl is of 1 to 4
carbons, —N(alkyl); wherein alky] is of 1 to 4 car-
bons, CF3, —QOCHF,, or

~0O-—CH; ,

-and di-substituted phenyl wherein said substituents are
selected from the group consisting of methyl, methoxy,
methylthio, halo, —CF3, nitro, amino, and —OQCHF>.

3. A compound of claim 2 wherein:

Y 1s —O—R]. |

4. A compound of claim 3 wherein

R 1s straight or branched chain lower alkyl of 1 to 5
carbons, benzyl,

Rs
A N/ N—R
= Ay ; or —Ri0;
\ | |
Re N=—Rp

R is straight or branched chain lower alkyl of 1 to §
carbons;

R is straight or branched chain lower alkyl of 1 to 5
carbons, benzVl,

Rs
/
o A g N
AN
Rg

, Or N—Rio:

R4 1s mono substituted phenyl wherein substituent is
selected from the group consisting of lower alkyl
of 1 to 4 carbons, halo, CF3, and nitro, disubstituted
phenyl wherein said substituents are selected from
the group consisting of methyl, halo, CF3, and
nitro, 2-, 3-, or 4- pyridinyl, 2-methylthio-3-pyridi-
nyl, or 2,1,3-benzoxadiazolyl;

Aj is -(CH3)-(CH3),~— or

“?H-(Cﬂz)n -
CHj

Rs and R¢ are independently selected from the group
consisting of hydrogen, straight or branched chain
lower alkyl of 1 to § carbons, and benzyl or Rs and
Re taken together with the N atom to which they

are attached complete a heterocyclic ring of the
formula

- N N—Raq:

—/

Rg is methyl, benzyl, or diphenylmethyl; and
Rjo 1s benzyl or diphenylmethyl.
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3. A compound of claim 4 wherein:
R2 1s methyl.

6. A compound of claim § wherein
R 1s methyl, ethyl, isopropyl, benzyl,

CH;
| /
—(CH2);—N

CHj;

[\

- (CH3)»=N N=—CH » OF

\—/ 2

R3 1s ethyl, isopropyl, benzyl,

CH; , OF
—(CH2);—N
CHj

—(CH2),—N N-—CH ;

\—/ 2

and

5,202,330
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R4 is 2-nitrophenyl, 3-nitrophenyl, 2-chlorophenyl,
3-chlorophenyl, 2-(trifluoromethyl)phenyl, 3-(tri-
fluoromethyl)phenyl, 2,3-dichlorophenyl, or 2- 40
chloro-3-nitrophenyl or 4-(2,1,3-benzoxadiazol)-yl.

7. A compound of claim 6 wherein:
X 1s sulfur.

8. The compound of claim 7 wherein:
R is isopropyl;

R3is

CH; ;
/
—(CHz,—N

CH;

and
R4 is 3-nitrophenyl.
9. The compound of claim 7 wherein:
Riis

N—CH> ;

Rj3 is ethyl:
R4 is 2-nitrophenyl.
10. The compound of claim 7 wherein:

45

30

35
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Rjis

N=—CH>

Rsis ethyl;

R4 1s 2-(trifluoromethyl)phenyl.

11. A compound of claim 6 wherein:
X 1S oxygen.

12. The compound of claim 11 wherein:
R} and Rj are both isopropyl; and
R4 1s 3-nitrophenyl.

13. The compound of claim 11 wherein:
Riis

CH>

(CH3), N/ .‘
—(CH2)— ;
N\

CH;

R3is ethyl; and

R4 1s 3-nitrophenyl.
14. The compound of claim 11 wherein:
Riis

CH;
(CH») N/
- 225 ’
N\
CH;

R3 is 1sopropyl; and
R4 1s 3-nitrophenyl.
15. The compound of claim 11 wherein:
Rjis

N—CH> :

R3 is 1sopropyl; and
R4 1s 3-nitrophenyl.
16. The compound of claim 11 wherein:
R 1s 1sopropyl;

Rj1s
CH;
/
==(CHz);—N
CH3
and

R4 1s 3-nitrophenyl.
17. A compound of claim 7 wherein:

at least one of Rj and Rj is ethyl or isopropyl; and
R4 fs 3-nitrophenyl, 2,3-dichlorophenyl, 2-chloro-3-
nitrophenyl, 2-nitrophenyl, or 2-(trifluoromethyl)-

phenyl.
18. A compound of claim 2 wherein:
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Y is Ry,
19. A compound of claim 18 wherein:
‘R 1s straight or branched chain lower alkylof 1 to §
carbons,
| S

Rs 10

or —(CH3)2 ;

Rs 15

R 1s straight or branched chain lower alkylof 1to §
carbons;

R 1s straight or branched cham lower alkylof 1to §
carbons;

R4 1s mono substituted phenyl wherein said substitu-
ent is selected from the group consisting of lower
alkyl of 1 to 4 carbons, halo, CF; and nitro, disub-
stituted phenyl wherein said substituents are se-
lected from the group consisting of methyl, halo,
CF;3 and nitro, or 2,1,3-benzoxadiazolyl; and

Rg 1s hydrogen, methyl, methoxy, methylthio, halo,
CF3, nitro, or hydroxy. |

20. A compound of claim 19 wherein

R> is methyl.

21. A compound of claim 20 wherein

R11 is ethyl, isopropyl, phenyl, 4-methoxyphenyl
4-nitrophenyl, or benzyl;

R3 is methyl or ethyl; and

R4 is 3-nitrophenyl.

22. A compound of claim 21 wherein X 1s sulfur.

23. A compound of claim 21 wherein X is oxygen.

- 24. A compound having the structural formula

20
25
30

35

R20,C
N—R
Js
N~ X 45
wherein:

XisOorS;
R is COY wherein Y is C1-Cg alkyl or C;-Cs alkoxy; 0

114

R! is aryl of -6 carbon atoms or substituted aryl
wherein the substituent is selected from Ci~Cs
alkyl, Cy-C4 alkoxy, C;-C4 alkylthio, CF3, cyano,
nitro or halo and disubstituted aryl wherein said

substituents are methyl, methoxy, methylthio, CF3,
halo, or nitro;

R2 and R3 are C1—C3- alkyl.
25. A pharmaceutical composition useful in the treat-

ment of cardiovascular disease comprising a pharma-

ceutically acceptable carrier and a nontoxic Ca+ + con-

troling amount of a compound represented by the

structural formula as defined in claim 24.

26. A method of treatment for cardiovascular disor-
ders which comprises administering to a subject in need
of such treatment a non-toxic Ca+ + controlling amount
of a compound of the structural formula as defined in
claim 24. |

27. A composition useful in reducing blood pressure
in a mammal comprising a pharmaceutically acceptable
carrier and an anti-hypertensively effective amount of a

compound or pharmaceutlcally acceptable salt thereof
of the formula -

R4 H

N\ /S
O C O
H /7 N\ |l
Y—'C'""'IlNT ﬁ.—'C—O—'R_’,
C
7 \ -/

N

l
H

=R
X

wherein X, Y, Rj and Rs are as defined in claim 1 and

Ry, is aryl or heterocyclo as defined in claim 1.

28. The composition of claim 27 wherein:

R4 1s mono substituted phenyl wherein said substitu-
ent is selected from the group consisting of lower
alkyl of 1 to 4 carbons, lower alkoxy of 1 to 4
carbons, lower alkylthio of 1 to 4 carbons, halo,
CF3, cyano, nitro, benzyloxy, and —OCHF,, di-
substituted phenyl wherein said substituents are
selected from the group consisting of methyl, me-
thoxy, methylthio, halo, CF3, and nitro.

29. The composition of claim 27 wherein:

R4 is 2-, 3-, or 4-pyridinyl, 2-methylthio- 3-pyr1d1nyl
or 2, 1 ,3-benoxadiazolyl.

30. The method of reducing blood pressure in a mam-
mal comprising administering an anti-hypertensively

effective amount of the composition of claim 27.
2 % == % %
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